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PREFACE. 


The  object  of  the  present  work  is  to  furnish  the  student 
of  Geology  and  the  general  reader  with  a  compendious 
account  of  the  leading  principles  and  facts  of  the  vast 
and  ever-increasing  science  of  Palaeontology.  In  carry- 
ing out  this  object,  all  superfluous  details  have  been 
rigidly  excluded,  and  the  Author  has  endeavoured  to 
restrict  himself  entirely  to  those  facts  which  are  abso- 
lutely necessary  to  any  one  who  would  study  Palaeon- 
tology as  a  department  of  science,  sufficiently  distinct 
to  stand  alone,  and  yet  most  closely  connected  with  the 
sciences  of  Zoology  and  Botany  on  the  one  hand,  and 
with  Geology  on  the  other  hand. 

In  the  First  Part  of  the  work  is  given  a  general  ac- 
count of  the  principles  upon  which  the  palaeontological 
observer  proceeds. 

In  the  Second  Part  of  the  work.  Palaeontology,  or  the 
past  history  of  the  Animal  Kingdom,  is  treated  of ;  and 
here  much  more  space  has  been  devoted  to  the  Inver- 
tebrate than  to  the  Vertebrate  groups — upon  the  ground 
that  it  is  chiefly,  or  almost  exclusively,  with  the  former 
that  the  ordinary  palaeontological  student  has  to  deal. 

The  Third  Part  of  the  work  gives  a  brief  and  very 
general  view  of  Palaeobotany,  or  the  past  history  of  the 
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VI  PREFACE. 

Vegetable  Kingdom.  This  department  of  the  subject 
has  not  been  treated  at  any  length,  partly  because  the 
remains  of  plants  are  comparatively  rare  in  the  stratified 
series,  and  partly  because  nothing  less  than  a  special 
treatise  would  suffice  to  handle  satisfactorily  this  obscure 
and  difficult  branch  of  the  subject. 

The  fourth  and  concluding  portion  of  the  work  treats 
of  Historical,  or,  as  it  might  be  called,  Stratigraphical, 
Palaeontology — namely,  of  the  application  of  Palaeon- 
tology to  the  elucidation  of  the  succession  of  the  strati- 
fied deposits  of  the  earth's  crust.  This  department  of 
the  subject  has  also  been  very  briefly  disposed  of,  not 
because  its  intrinsic  importance  does  not  warrant  a 
more  extended  treatment,  but  because  it  is  the  Author's 
intention,  as  his  leisure  will  permit,  to  devote  a  separate 
treatise  to  the  consideration  of  this  wide  and  compara- 
tively independent  section  of  the  science. 

In  conclusion,  the  Author  would  beg  his  readers  to 
remember  that  there  is  no  science  which  is  growing  so 
rapidly,  and  which  is  as  yet  so  comparatively  in  its 
infancy,  as  Palaeontology;  and  that  there  is  none  in 
which  the  conclusions  of  to-day  are  more  liable  to  be 
vitiated  by  the  discoveries  of  the  morrow.  Even  whilst 
these  sheets  have  been  going  through  the  press,  facts 
have  been  brought  to  light  which  ought  to  have  found 
their  place  in  a  Manual  of  this  kind,  but  which  have 
been  of  necessity  altogether  passed  over,  or,  at  best, 
have  been  merely  alluded  to.  For  all  deficiencies,  there- 
fore, arising  from  this  cause,  the  Author  has  to  beg  the 
kind  indulgence  of  his  readers. 

With  regard  to  the  Illustrations,  the  Author  has 
gratefully  to  acknowledge  the  kindness  of  Alfred  R.  C. 
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Selwyn,  Esq.,  Director  of  the  Geological  Survey  of 
Canada,  who  placed  at  the  Author's  disposal  a  number 
of  engravings  of  Silurian  and  Devonian  fossils,  from  the 
publications  of  the  Survey.  The  Author  has  likewise 
to  acknowledge  a  similar  obligation  to  Principal  Daw- 
son, of  M'Gill  University,  Montreal,  who  kindly  per- 
mitted the  use  of  several  of  the  illustrations  of  his 
'  Acadian  Geology.'  A  considerable  proportion  of  the 
engravings,  however,  are  taken  from  D'Orbigny's  beau- 
tifully illustrated  *  Cours  Eldmentaire  de  Paldontologie/ 
by  an  arrangement  with  the  publishers  of  that  work. 


University  College,  Toronto, 
October  i6,  1872. 
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INTRODUCTION. 

Definition  of  PALiEONxoLOGV. 

Paleontology  (Gr.  palaios^  ancient ;  onta^  beings ;  logosy  dis- 
course) is  the  science  which  treats  of  the  living  beings,  whether 
animal  or  vegetable,  which  have  inhabited  this  globe  at  past 
periods  in  its  history.  It  is  the  ancient  life-history  of  the  earth, 
and  if  its  record  could  ever  be  completed,  it  would  furnish  us 
with  an  account  of  the  structure,  habits,  and  distribution  of  all 
the  animals  and  plants  which  have  at  any  time  flourished  upon 
the  land-surfaces  of  the  globe  or  inhabited  its  waters.  From 
causes,  however,  which  will  be  subsequently  discussed,  the 
palseontological  record  is  most  imperfect,  and  our  knowledge 
is  interrupted  by  gaps  which  not  only  bear  a  large  proportion 
to  our  solid  information,  but  which  in  many  cases  are  of  such 
a  nature  that  we  can  never  hope  to  have  them  filled. 

As  Zoology,  then,  treats  of  the  animals  now  inhabiting  the 
earth,  and  as  Botany  treats  of  the  now  existing  plants. 
Palaeontology  may  be  considered  as  the  Zoology  and  Botany 
of  the  past  Regarding  it  from  this,  the  only  true  point  of 
view,  some  knowledge  of  Zoology  and  Botany  is  essential  to  a 
prosecution  of  the  study  of  Palaeontology,  and  such  details  of 
these  sciences  as  may  be  deemed  requisite  will  be  introduced 
in  the  proper  place.  The  materials,  again,  which  fall  to  be 
studied  by  the  palaeontologist,  are  derived  entirely  firbm  the 
proper  province  of  the  geologist.  Fossils  are  derived  from 
rocks.    It  will  therefore  be  necessary  to  trespass  to  some  ex- 
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tent  upon  the  peculiar  domain  of  the  geologist,  and  to  obtain 
some  knowledge  of  the  origin,  composition,  and  mode  of 
occurrence  of  the  rocks  from  which  Palaeontology  derives  its 
materials.  Lastly,  Palaeontology,  apart  from  its  own  import- 
ance as  an  independent  science,  is  employed  by  the  geologist 
to  assist  him  in  his  determination  of  the  chronological  succes- 
sion of  the  materials  which  compose  the  crust  of  the  earth. 
Palaeontology,  therefore,  must  be  separately  studied  in  its  rela- 
tion to  historical  Geology. 

Definition  of  Fossils. 

All  the  natural  objects  which  come  to  be  studied  by  the 
palaeontologist  are  termed  "  fossils  "  (Lat.  fqssus,  dug  up).  In 
most  cases,  fossils,  or,  as  they  are  often  termed,  "  petrifactions," 
are  actual  portions  of  animal  or  vegetable  organisms,  such  as 
the  shells  of  Molluscs,  the  skeletons  of  Corals,  the  bones  of  Ver- 
tebrate animals,  the  wood,  bark,  or  leaves  of  plants,  &c. ;  and 
these  may  be  preserved  very  much  in  their  original  condition, 
or  may  have  been  very  much  altered  by  changes  subsequent  to 
their  burial.  Strictly  speaking,  however,  by  the  term  "  fossil " 
is  understood  "  any  body,  or  the  traces  of  the  existence  of  any 
body^  whether  animal  or  vegetable,  which  has  been  buried  in 
the  earth  by  natural  causes  "  (Lyell).  We  shall  find,  therefore, 
that  we  must  include  under  the  head  of  fossils  objects  which  at 
no  time  themselves  formed  parts  of  any  animal  or  vegetable, 
but  which,  nevertheless,  point  to  the  former  existence  of  such 
oxganism^,  and  enable  us  to  reason  as  to  their  nature.  Under 
this  head  come  such  fossils  as  the  moulds  or  "  casts  "  of  shells 
and  the  footprints  left  by  various  animals  upon  sand  or  mud. 

In  the  great  majority  of  cases  fossils  are  the  remains  of 
animals  or  plants  which  are  now  extinct — that  is  to  say,  which 
no  longer  are  in  existence,  but  have  entirely  disappeared  from 
the  earth's  surface.  In  some  cases,  however,  fossils  are  the 
remains  of  recent  animals — that  is,  of  animals  which  are  still 
found  in  a  living  condition  upon  the  globe.  The  term  "  sub- 
fossil,"  sometimes  applied  to  these,  has  been  more  appropriately 
applied  in  another  sense,  and  is  best  discarded  in  this  con- 
nection. The  terms  "  fauna "  and  "  flora "  are  employed  in 
Palaeontology  much  as  they  are  by  the  naturalist,  to  mean 
the  entire  assemblage  of  the  animals  or  of  the  plants  respect- 
ively belonging  to  a  particular  region  or  a  particular  time. 
Thus  we  may  speak  of  the  "fauna"  of  the  Carboniferous 
Period,  or  the  "flora"  of  the  Tertiary  Epoch,  or  the  fauna  of 
the  Chalk,  or  of  any  other  set  of  beds. 


FOSSILISATION. 


FOSSILISATION. 


Fossilisation  may  be  applied  in  a  general  sense  to  all  the 
processes  through  which  ar  organic  body  passes  in  order  to 
become  a  fossil.  Here  we  need  only  consider  the  three  lead- 
ing forms  in  which  fossils  present  themselves.  In  the  first 
instance,'  the  fossil  is  to  all  intents  and  purposes  an  actual 
organic  remain,  being  itself  a  fragment  of  an  animal  or  plant. 
Thus  we  may  meet  with  fossil  bones,  shells,  or  wood,  which 
may  have  undergone  certain  changes,  such  as  would  be  pro- 
duced by  pressure,  by  the  deprivation  of  organic  matter  origi- 
nally present,  or  by  more  or  less  complete  iiifiltration  with 
mineral  matter,  but  which,  nevertheless,  are  practically  the  real 
bodies  they  represent  As  a  matter  of  course,  it  is  in  the  more 
modem  formations  that  we  find  fossils  least  changed  from  their 
primitive  condition,  but  all  formations  almost  contain  some 
fossils  in  which  the  original  structure  is  more  or  less  com- 
pletely retained. 

In  the  second  place,  we  very  frequently  meet  with  fossils  in 
the. state  of  "  casts  "  or  moulds  of  the  original  organic  body. 
What  occurs  in  this  case  will  be  readily  understood  if  we  ima- 
gine any  common  bivalve  shell,  as  an  Oyster,  or  Mussel,  or 
Cockle,  embedded  in  clay  or  mud.  If  the  clay  were  sufficiently 
50i^  and  fluid,  the  first  thing  would  be  that  it  would  gain  access 
to  the  interior  of  the  shell  and  would  completely  fill  up  the 
space  between  the  valves.  The  pressure,  also,  of  the  surround- 
ing matter  would  insure  that  the  clay  would  everywhere  ad- 
here closely  to  the  exterior  of  the  shell.  If  now  we  suppose 
the  clay  to  be  in  any  way  hardened  so  as  to  be  converted  into 
stone,  and  if  we  were  to  break 
up  the  stone,  we  should  obvi- 
ously have  the  following  state  of 
ftarts.  The  clay  which  filled  the 
shell  would  form  an  accurate 
cast  of  the  inlrrior  of  the  shell, 
and  the  clay  outside  would  give 
us  an  exact  impression  or  cast 
of  the  exterior  of  the  shell  (fig, 
i).  We  should  have,  then,  two  Fig.  <.—J_>igtm!nif<ga,sb»^\Bfttat 
casts,  an  interior  and  an  exterior,  ^Nt^omlal^'  ">Knwo  t  t. 
and  the  two  would  be  very  dif- 
ferent to  one  another,  since  the  inside  of  a  shell  is  very  unlike 
the  outside.  In  the  case,  in  fact,  of  many  univalve  shells,  the 
interior  cast  is  so  unlike  the  exterior  or  unlike  the  shell  itself, 
that  it  may  be  difficult  to  determine  the  true  origin  of  the  fonner. 
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It  only  remains  to  add  that  there  is  sometimes  a  further 
complication.  If  the  rock  be  very  porous  and  permeable  by 
water,  it  may  happen  that  the  original  shell  is  entirely  dissolved 
away,  leaving  the  interior  cast  loose,  like  the  kernel  of  a  nut, 
within  the  case  formed  by  the  exterior  cast.  Or  it  may  happen 
that  subsequent  to  the  attainment  of  this  state  of  things,  the 
space  thus  left  vacant  between  the  interior  and  exterior  cast — 
the  space,  that  is,  formerly  occupied  by  the  shell  itself — ^may 
be  filled  up  by  some  foreign  mineral  deposited  there  by  the 
infiltration  of  water.  In  this  last  case  the  splitting  open  of  the 
rock  would  reveal  an  interior  cast,  an  exterior  cast,  and  finally 
a  body  which  would  have  the  exact  form  of  the  original  shell, 
but  which  would  be  really  a  much  later  formation,  and  which 
would  not  exhibit  under  the  microscope  the  minute  structure 
of  shell. 

In  the  third  class  of  cases  we  have  fossils  which  present  with  the 
greatest  accuracy  the  external  form,  and  even  sometimes  the  in- 
ternal minute  structure,  of  the  original  organic  body,  but  which, 
nevertheless,  are  not  themselves  truly  organic,  but  have  been 
formed  by  a  "  replacement "  of  the  particles  of  the  primitive 
organism  by  some  mineral  substance.  The  most  elegant  ex- 
ample of  this  is  afforded  by  fossil  wood  which  has  been  "  silici- 
fied  "  or  converted  into  flint.  In  this  case  we  have  a  piece  of 
fossil  wood,  which  presents  the  rings  of  growth  and  fibrous 
structure  of  wood,  and  which  under  the  microscope  exhibits 
even  the  minutest  vessels  which  characterise  ligneous  tissue. 
The  whole,  however,  instead  of  being  composed  of  the  original 
carbonaceous  matter  of  the  wood,  is  now  converted  into  pure 
flint  The  only  explanation  which  can  be  given  of  this  by  no 
means  very  rare  phenomenon,  is  that  the  wood  must  have 
undergone  a  slow  process  of  decay  in  water  holding  silica  or 
flint  in  solution.  As  each  particle  of  the  wood  was  removed 
by  decay,  its  place  was  taken  by  a  particle  of  flint  deposited 
from  the  surrounding  water,  till  ultimately  the  entire  wood  was 
silicified.  The  replacing  substance  is  by  no  means  necessarily 
flint,  but  may  be  iron-pyrites,  oxide  of  iron,  sulphur,  &c  ;  and  it 
is  not  uncommon  to  find  many  other  fossils  besides  wood  pre- 
served in  this  way,  such  as  shells,  corals,  or  sponges. 

Definition  of  Rock. 

The  crust  of  the  earth  consists  of  various  diffierent  materials, 
produced  at  different  successive  periods,  occupying  certain 
definite  spaces,  and  not  confusedly  mixed  together,  but,  on  the 
contrary,  exhibiting  a  definite  and  discoverable  order  of  arrange- 
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ment.  All  these  materials,  however  different  in  appearance, 
texture,  or  mineral  composition,  are  called  "  rocks "  by  the 
geologist  The  term  "  rock,"  then,  is  to  be  understood  as  ap- 
plying to  all  the  materials  which  compose  the  crust  of  the 
earth.  In  the  language  of  geology,  the  finest  mud,  the  loosest 
sand,  and  the  most  incoherent  gravel,  are  just  as  much  rocks  as 
are  the  hardest  and  most  compact  granites  or  limestones. 

Classification  of  Rocks. 

For  the  purposes  of  the  palaeontologist  all  the  rocks  which 
enter  into  the  composition  of  the  solid  exterior  of  the  earth 
may  be  divided  into  two  great  classes: — i.  The  Igneous 
Rocks,  which  are  formed  within  the  body  of  the  earth  itself, 
and  which  owe  their  structure  and  origin  to  the  action  of  heat; 
and  2,  the  Aqueous  or  Sedimentary  Rocks,  which  are  formed 
at  the  surface  of  the  earth,  and  which  owe  their  structure  and 
origin  to  the  mechanical  acrion  of  water.  The  Igneous  Rocks 
are  formed  below  the  surface  of  the  earth,  are  as  a  general  rule 
destitute  of  organic  remains  or  fossils,  and  are  mostly  in  the 
form  of  unstratified  masses.  The  Aqueous  and  Sedimentary 
Rocks  are  formed  at  the  surface  by  the  disintegration  and  re- 
construction of  previously  existing  rocks,  are  mostly  fossilifer- 
ous,  and  are  stratiJUd — />.,  are  arranged  in  distinct  layers  or 
"  strata."  The  Sedimentary  Rocks,  as  containing  fossils,  are  the 
only  rocks  which  it  is  essential  for  the  palaeontologist  to  be 
acquainted  with,  and  we  shall  very  briefly  consider  their  lead- 
ing physical  characters,  their  chief  varieties,  their  mode  of  ori- 
gin, and  their  historical  succession. 


CHAPTER  II. 
SEDIMENTARY  ROCKS. 


The  Sedimentary  or  Fossiliferous  Rocks  form  the  greater  por- 
tion of  that  part  of  the  earth's  crust  which  is  open  to  our 
examination,  and  are  distinguished  by  the  fact  that  they  are 
regularly  "  stratified,"  or  arranged  in  distinct  and  definite  layers 
or  "  strata."  These  layers  may  consist  of  a  single  material, 
as  in  a  block  of  sandstone,  or  they  may  consist  of  different 
materials.  When  examined  on  a  large  scale,  they  are  always 
found  to  consist  of  alternations  of  layers  of  different  mineral 
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composition.  We  may  examine  any  given  area,  and  find  in  it 
nothing  but  one  kind  of  rock — sandstone,  perhaps,  or  lime- 
stone. In  all  cases,  however,  if  we  extend  our  examination 
sufficiently  far,  we  shall  ultimately  come  upon  different  rocks  ; 
and,  as  a  general  rule,  the  thickness  of  any  particular  set  of 
beds  is  comparatively  small,  so  that  different  kinds  of  rock 
alternate  with  one  another  in  comparatively  small  spaces. 

As  regards  the  origin  of  the  Sedimentary  Rocks,  they  are 
for  the  most  part  "  derivative"  rocks,  being  derived  from  the 
wear  and  tear  of  pre-existent  rock.  Sometimes,  however,  they 
owe  their  origin  to  chemical  or  vital  action,  when  they  would 
more  properly  be  spokenof  simply  as  Aqueous  Rocks.  As  to  their 
mode  of  deposition,  we  are  enabled  to  infer  that  the  materials 
which  compose  them  have  formerly  been  spread  out  by  the 
action  of  water,  from  what  we  see  going  on  every  day  at  the 
mouths  of  our  greatVivers,  and  on  a  smaller  scale  wherever  there 
is  running  water.  Every  stream,  where  it  runs  into  a  lake  or 
into  the  sea,  carries  with  it  a  burden  of  mud,  sand,  and  rounded 
pebbles,  derived  from  the  waste  of  the  rocks  which  form  its  bed 
and  banks.  When  these  materials  cease  to  be  impelled  by  the 
force  of  the  moving  water  they  sink  to  the  bottom,  the  heaviest 
pebbles,  of  course,  sinking  first,  the  smaller  pebbles  and  sand 
next,  and  the  finest  mud  last.  Ultimately,  therefore,  as  might 
have  been  inferred  upon  theoretical  grounds,  and  as  is  proved 
by  practical  experience,  every  lake  becomes  a  receptacle  for  a 
series  of  stratified  rocks  produced  by  the  streams  flowing  into 
it.  These  deposits  may  vary  in  different  parts  of  the  lake, 
according  as  one  stream  brought  down  one  kind  of  material 
and  another  stream  contributed  another  material ;  but  in  all 
cases  the  materials  will  bear  ample  evidence  that  they  were 
produced,  sorted,  and  deposited  by  running  water.  The  finer 
beds  of  clay  or  sand  will  all  be  arranged  in  thicker  or  thinner 
layers  or  laminae ;  and  if  there  are  any  beds  of  pebbles  these  will 
all  be  rounded  or  smooth,  just  like  the  water-worn  pebbles  of 
any  brook-course.  In  all  probability,  also,  we  should  find  in 
some  of  the  beds  the  remains  of  fresh-water  shells  or  plants  or 
other  organisms  which  inhabited  the  lake  at  the  time  these 
beds  were  being  deposited. 

In  the  same  way  large  rivers — such  as  the  Ganges  or 
Mississippi — deposit  all  the  materials  which  they  bring  down  at 
their  mouths,  forming  in  this  way  their  "  deltas."  Whenever 
such  a  delta  is  cut  through,  either  by  man  or  by  some  channel 
of  the  river  altering  its  course,  we  find  that  it  is  composed  of  a 
succession  of  horizontal  layers  or  strata  of  sand  or  mud,  varying 
in  mineral  composition,  in  structure,  or  in  grain,  according  to 
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the  nature  of  the  materials  brought  down  by  the  river  at 
different  periods.  Such  deltas,  also,  will  contain  the  remains 
of  animals  which  inhabit  the  river,  with  fragments  of  the  plants 
which  grew  on  its  banks,  or  bones  of  the  animals  which  lived 
in  its  basin. 

Lastly,  the  sea  itself — irrespective  of  the  materials  delivered 
into  it  by  rivers — ^is  constantly  preparing  fresh  stratified  de- 
posits by  its  own  action.  Upon  every  coast-line  the  sea  is 
constantly  eating  back  into  the  land  and  reducing  its  compo- 
nent rocks  to  form  the  shingle  and  sand  which  we  see  upon 
every  shore.  The  materials  thus  produced  are  not,  however, 
lost,  but  are  ultimately  deposited  elsewhere  in  the  form  of  new 
stratified  accumulations,,  in  which  are  buried  the  remains  of 
animals  inhabiting  the  sea  at  the  time. 

Whenever,  then,  we  find  anywhere  in  the  interior  of  the  land 
any  series  of  beds  having  these  characters^-composed,  that  is, 
of  distinct  layers,  the  particles  of  which,  both  large  and  small, 
show  distinct  traces  of  the  wearing  action  of  water — ^whenever 
and  wherever  we  find  such  rocks,  we  aure  justified  in  assuming 
that  they  have  been  deposited  by  water  in  the  manner  above 
mentioned.  Either  they  were  laid  down  in  some  former  lake 
by  the  combined  action  of  the  streams  which  flowed  into  it ; 
or  they  were  deposited  at  the  mouth  of  some  ancient  river, 
forming  its  delta ;  or  they  were  laid  down  at  the  bottom  of  the 
ocean.  In  the  first  two  cases,  any  fossils  which  the  beds 
might  contain  would  be  the  remains  of  fresh-water  or  terres- 
trial organisms.  In  the  last  case,  the  majority,  at  any  rate,  of 
the  fossils  would  be  the  remains  of  marine  animals. 

The  term  "formation"  is  employed  by  geologists  to  express 
"any  group  of  rocks  which  have  some  character  in  common, 
whether  of  origin,  age,  or  composition "  (Lyell) ;  so  that  we 
may  speak  of  stratified  and  unstratified  formations,  aqueous 
or  igneous  formations,  fresh-water  or  marine  formations,  and 
so  on. 

Chief  Divisions  of  the  Aqueous  Rocks. 

The  Aqueous  Rocks  may  be  divided  into  two  great  sections, 
the  Mechanically-formed  and  the  Chemically-formed,  includ- 
ing under  the  last  head  all  rocks  "which  owe  their  origin  to 
vital  action,  as  well  as  those  produced  by  ordinary  chemical 
agencies.  * 

A.  Mechanically-formed  Rocks. — These  are  all  those 
Aqueous  Rocks  of  which  we  can  obtain  proofs  that  their 
particles  have  been  mechanically  transported  to  their  present 
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Site.  Thus,  if  we  examine  a  piece  of  conglomerate  or  pudding- 
stone,  we  find  it  to  be  composed  of  a  number  of  rounded 
pebbles  embedded  in  an  enveloping  paste  or  matrix.  The 
pebbles  are  worn  and  rounded,  and  thus  show  that  they  have 
been  subjected  to  much  mechanical  attrition,  whilst  they  have 
been  mechanically  transported  for  a  greater  or  less  distance 
from  the  rock  of  which  they  originally  formed  part  In  the 
case  of  an  ordinary  sandstone,  the  component  grains  of  sand 
are  equally  the  result  of  mechanical  attrition,  and  have  been 
equally  transported  from  a  distance.  In  the  case  of  still  finer 
rocks,  such  as  shale,  the  particles  have  been  so  much  water- 
worn  that  their  source  cannot  be  recognised,  though  a  micro- 
scopical examination  would  reveal  that  their  edges  were  all 
worn  and  rounded.  It  follows  from  this  that  the  mechanically- 
formed  Aqueous  Rocks  are  such  as  can  be  proved  to  have  been 
derived  from  the  abrasion  of  other  pre-existent  rock :  hence 
they  are  often  spoken  of  as  "  Derivative  Rocks."  Every  bed, 
therefore,  of  any  mechanically-formed  rock,  is  an  exact  equiva- 
lent of  a  corresponding  amount  of  destruction  of  some  older 
rock. 

The  Mechanically-formed  Rocks  may  be  divided  into  the 
two  groups  of  the  Arenaceous  or  Siliceous  Rocks,  and  the 
Argillaceous  or  Aluminous  Rocks.  In  the  Arenaceous  group 
are  those  Aqueous  Rocks  which  are  mainly  composed  of 
smaller  or  larger  grains  of  flint  or  silica.  The  chief  varieties 
are  the  various  kinds  of  sand  and  sandstone,  grits,  and  most 
conglomerates  and  breccias.  In  the  Argillaceous  group  are 
those  Aqueous  Rocks  which  contain  a  certain  amount  of  clay 
or  hydrated  silicate  of  alumina.  Under  this  head  come  clays, 
shales,  marls,  clay-slate,  and  most  flags  or  flag-stones. 

B.  Chemically-formed  Rocks. — In  this  section  are  com- 
prised all  those  Aqueous  Rocks  which  have  been  fomied  by 
chemical  agencies.  As  many  of  these  chemical  agencies,  how- 
ever, are  exerted  through  the  medium  of  living  beings,  whether 
animals  or  plants,  we  get  into  this  section  a  number  of  what 
may  be  called  "  organically-formed"  rocks.  The  most  import- 
ant of  the  Chemically-formed  Rocks  are  the  so-called  Calcare- 
ous Rocks,  comprising  all  those  which  contain  a  large  propor- 
tion of  carbonate  of  line,  or  are  wholly  made  up  of  this  substance. 
We  may  also  shortly  notice  coal  and  gypsum. 

Chalk  is  merely  a  limestone  which  is  soft  jmd  pulverulent, 
with  an  earthy  fracture.  It  is  nearly  pure  carbonate  of  liine, 
and  is  to  a  great  extent  an  organically-formed  rock,  consisting 
mainly  of  the  minute  calcareous  shells  of  Foraminifera^  with 
the  calcareous  shells  of  molluscs,  sea-urchins,  sea-mosses,  and 
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the  like.  The  nearest  approach  which  we  have  at  the  present 
day  to  chalk  is  probably  to  be  found  in  the  deposit  called  "ooze," 
which  forms  a  considerable  .portion  of  the  bed  of  the  deep  At- 
lantic, and  which  will  be  afterwards  noticed  at  greater  length. 

Limestone  is  a  hard  and  compact  rock,  and  its  many 
varieties  are  formed  in  different  ways,  and  diflfer  from  one 
another  in  more  or  less  important  points.  Though  the  sea 
contains  carbonate  of  lime  in  solution,  no  marine  limestones 
appear  to  be  formed  by  chemical  agency  alone,  but  in  all  these 
the  lime  is  abstracted  from  the  sea-water  by  the  agency  of 
marine  animals.  Primarily,  therefore,  marine  limestones  are 
oiganically-formed  rocks,  consisting  sdmost  entirely  of  corals, 
shells,  Crinoids,  and  other  calcareous  organisms.  Such  lime- 
stones may  fairly  be  compared  to  the  great  coral-reefs  of  the 
Pacific  and  other  warm  seas.  It  is  to  be  remembered,  how- 
ever, that  many  marine  limestones  are  secondarily  mechani- 
cally-formed rocks.  In  these  cases,  the  calcareous  matter  of 
the  rock  has  been  originally  separated  by  living  beings,  but 
has  then  been  transported  by  the  waves,  or  by  currents,  to 
certain  localities  at  a  distance,  where  it  has  been  heaped  up  to 
form  a  bed  of  limestone. 

Other  limestone  deposits,  such  as  the  stalactites  and  stalag- 
mites of  caves,  and  the  "calcareous  tufa"  and  "travertine  "  of 
some  hot  springs,  are  purely  chemical  in  their  origin,  and  owe 
nothing  to  the  operation  of  living  beings. 

Gypsum,  in  chemical  composition,  consists  of  sulphuric  acid 
in  combination  with  lime  and  two  atoms  of  water ;  or,  in  other 
words,  it  is  a  hydrated  sulphate  of  lime.  It  commonly  occurs 
as  a  whitish  or  yellowish-white  rock,  something  like  loaf-sugar 
to  look  at,  generally  arranged  in  distinct  beds,  but  sometimes 
in  irregular  cakes  or  veins.  It  is  palaeontologically  important 
as  occasionally  yielding  well-preserved  fossils;  but  its  exact 
mode  of  origin  has  not  yet  been  fully  worked  out. 

Coal  is,  in  all  those  forms  to  which  the  name  would  ordin- 
arily be,  applied,  an  organically-formed  rock,  and  maybe  re- 
garded as  formed  of  compressed  vegetable  matter.  In  all  its 
varieties — such  as  bituminous  coal,  anthracite,  and  lignite  or 
brown  coal, — it  approximates  more  or  less  closely  in  chemical 
composition  to  wood.  It  consists,  namely,  of  from  seventy 
to  eighty  per  cent  of  pure  carbon,  with  varying  quantities 
of  hydrogen  and  oxygen,  and  a  small  amount  of  earthy  or 
mineral  matter  which  constitutes  the  ash.  All  coals  occur  in 
the  form  of  beds,  intercalated  with  other  stratified  rocks ;  and 
there  are  innumerable  gradations  between  pure  coal,  earthy 
coaly  and  carbonaceous  shale,  till  we  reach  ordinary  shale. 
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Different  Ages  of  the  Aqueous  Rocks. 

The  two  principal  tests  by  which  the  age  of  any  particular 
bed,  or  group  of  beds,  may  be  determined,  are  superposition 
and  organic  remains — a  third  test  sometimes  being  afforded  by 
mineral  characters.  The  first  and  most  obvious  test  of  the 
age  of  any  aqueous  rock  is  its  relative  position  to  other  rocks. 
Any  bed  or  set  of  beds  of  sedimentary  origin  is  obviously  and 
necessarily  older  than  all  the  strata  which  surmount  it,  and 
younger  than  all  those  upon  which  it  rests.  It  is  to  be  remem- 
bered, however,  that  superposition  can  at  best  give  us  but  the 
relative  age  of  a  bed  as  compared  with  other  beds  of  the  same 
region.  It  cannot  give  us  the  absoltdte  age  of  any  bed ;  and  if 
we  are  ignorant  of  the  age  of  any  of  the  beds  with  which  we 
may  be  dealing,  we  have  to  appeal  to  other  tests  to  learn 
more  than  the  mere  order  of  succession  in  the  particular 
region  under  examination. 

The  second,  and  in  the  long-run  more  available,  test  of  the 
ages  of  the  different  sedimentary  beds,  is  that  afforded  by  their 
organic  remains.  Still,  this  test  is  also  by  no  means  univer- 
sally applicable,  nor  in  all  cases  absolutely  conclusive.  Many 
aqueous  rocks  are  unfossiliferous  through  a  thickness  of 
hundreds,  or  even  thousands,  of  feet  of  little  altered  sediments; 
and  even  amongst  beds  which  do  contain  fossils,  we  often 
meet  with  strata  of  a  few  feet  or  yards  in  thickness,  which  are 
wholly  destitute  of  any  traces  of  life.  Many  fossils,  again, 
range  vertically  through  many  groups  of  strata,  and  in  some 
cases  even  through  several  formations.  Such  fossils,  there- 
fore, if  occurring  by  themselves,  or  considered  apart  from 
other  associated  organisms,  are  not  conclusive  as  to  the  age  of 
any  particular  set  of  beds.  As  the  result,  however,  of  com- 
bined palaeontological  and  geological  researches,  it  is  now  pos- 
sible for  us  to  divide  the  entire  series  of  stratified  deposits  into 
a  number  of  definite  rock-groups  or  formations,  each  of  which 
is  characterised  by  possessing  an  assemblage  of  organic 
remains  which  do  not  occur  in  association  in  any  other 
formation.  Such  an  assemblage  of  fossils,  characteristic  of 
any  given  formation,  represents  the  life  of  the  particular  period 
in  which  the  formation  was  deposited.  It  follows  from  this, 
that  whenever  we  can  get  a  group  or  collection  of  fossils  from 
any  particular  bed  or  set  of  beds,  there  is  rarely  any  difficulty 
in  determining  the  precise  geologfcal  horizon  of  the  beds  in 
which  the  fossils  occur. 

With  certain  limitations,  however,  we  may  go  much  further 
than  this.     Not  only  are  the  great  formations  characterised  by 
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special  and  characteristic  assemblages  of  animals  and  plants ; 
but,  in  a  general  way,  each  subdivision  of  each  formation  has 
its  own  peculiar  fossils,  by  which  it  may  be  recognised  by 
a  skilled  worker  in  palaeontology.  Whenever,  for  instance, 
we  meet  in  Britain  with  the  fossils  known  as  Graptolites,  we 
may  be  sure  that  we  are  dealing  with  Silurian  Rocks.  We 
may,  however,  go  much  further  than  this.  If  the  Graptolites 
belong  to  certain  genera,  we  may  be  sure  that  we  are  dealing 
with  Lower  Silurian  Rocks.  Furthermore,  if  certain  special 
forms  are  present,  we  may  be  even  able  to  say  to  what  exact 
part  or  subdivision  of  the  Lower  Silurian  series  they  belong. 

All  these  conclusions,  however,  would  have  to  be  accom- 
panied by  a  tacit  but  well-understood  reservation.  No  Grap- 
tolites have  ever  been  found  in  Britain  out  of  rocks  known 
upon  other  grounds  to  be  Silurian ;  but  there  is  no  reason  why 
they  might  not  at  any  time  be  found  in  younger  deposits.  In 
the  same  way,  the  species  and  genera  which  we  now  regard  as 
characteristic  of  the  Lower  Silurians,  might  at  any  time  be 
found  to  have  survived  into  the  Upper  Silurian  period.  We 
should  never  forget,  therefore,  in  determining  the  age  of  a  rock 
by  palseontological  evidence  alone,  that  we  are  always  reason- 
ing upon  generalisations  which  are  the  result  of  experience 
alone,  and  which  may  at  any  time  be  overthrown  by  fresh 
discoveries. 

Chronological  Succession  of  the  Aqueous  Rocks. 

As  the  result  of  observations  made  upon  the  superposition  of 
rocks  in  diflferent  localities,  from  their  mineral  characters,  and 
from  their  included  fossils,  geologists  have  been  able  to  divide 
the  entire  stratified  series  into  a  number  of  different  divisions 
or  formations,  each  characterised  by  a  general  uniformity  of 
mineral  composition,  and  by*a  special  and  peculiar  assemblage 
of  organic  forms.  Each  of  these  primary  groups  is  in  turn 
divided  into  a  series  of  smaller  divisions,  characterised  and 
distinguished  in  the  same  way.  It  is  not  pretended  for  a  mo- 
ment that  all  these  primary  rock-groups  can  anywhere  be  seen 
surmounting  one  another  regularly.  There  is  no  region  upon 
the  earth  where  all  the  stratified  formations  can  be  seen  to- 
gether; and,  even  when  most  of  them  occur  in  the  same 
country,  they  can  nowhere  be  seen  all  succeeding  each  other 
in  their  regular  and  uninterrupted  succession.  The  reason  of 
this  is  obvious.  There  are  many  places — to  take  a  single  ex- 
ample— ^where  one  may  see  the  Silurian  Rocks,  the  Old  Red 
Sandstone,  and  the  Carboniferous  Rocks  succeeding  one  an- 
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Other  regularly,  and  in  their  proper  order.  This  is  because 
the  particular  region  where  this  occurs  was  always  submerged 
beneath  the  sea  while  these  formations  were  being  deposited. 
There  are,  however,  many  more  localities  in  which  one  would 
find  the  Carboniferous  Rocks  resting  unconformably  upon  the 
Silurians  without  the  intervention  of  any  strata  which  could  be 
referred  to  the  Old  Red  Sandstone.  This  might  arise  from 
one  of  two  causes :  i.  The  Silurians  might  have  been  elevated 
above  the  sea  immediately  after  their  deposition,  so  as  to  form 
dry  land  during  the  whole  of  the  Old  Red  period,  in  which 
case,  of  course,  no  strata  of  the  age  of  the  Old  Red  Sandstone 
could  possibly  be  deposited.  2.  The  Old  Red  Sandstone  might 
have  been  deposited  upon  the  Silurian,  and  then  the  whole 
might  have  been  elevated  above  the  sea,  and  subjected  to  an 
amount  of  denudation  sufficient  to  remove  the  Old  Red  Sand- 
stone entirely.  In  this  case,  when  the  land  was  again  sub- 
merged, the  Carboniferous  Rocks,  or  any  younger  formation, 
might  be  deposited  directly  upon  Silurian  strata.  From  one 
or  other  of  these  causes,  then,  or  from  subsequent  disturbances 
and  denudations,  it  happens  that  we  can  rarely  find  many  of 
the  primary  formations  following  one  another  consecutively 
and  in  their  regular  order. 

In  no  case,  however,  do  we  ever  find  the  Old  Red  Sand- 
stone resting  upon  the  Carboniferous,  or  the  Silurian  Rocks 
reposing  on  the  Old  Red  We  have  therefore,  by  a  com- 
parison of  many  diflferent  areas,  an  established  order  of  succes- 
sion of  the  stratified  formations,  as  shown  in  the  subjoined 
ideal  section  of  the  crust  of  the  earth  (fig.  2). 

The  main  subdivisions  of  the  Stratified  Rocks  are  known  by 
the  following  names : — 

1.  Laurentian. 

2.  Cambrian  (with  Huronian?). 

3.  Silurian. 

4.  Devonian  or  Old  Red  Sandstone. 

5.  Carboniferous. 

?;  tSc  }  ^^^  ^^^  Sandstone. 

8.  Jurassic  or  Oolitic. 

9.  Cretaceous. 

10.  Eocene. 

11.  Miocene. 

12.  Pliocene. 

13.  Post-tertiary. 
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Ideal  Section  of  the  Crust  of  the  Earth. 


y    Post-tertiary  and  Recent. 
f"   Pliocene. 


DeroniaQ  or  Old  Red  Sandstone. 
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Of  these  primary  groups,  the  Laurentian,  Cambrian,  Silu- 
rian, Devonian,  Carboniferous,  and  Permian  are  collectively 
grouped  together  under  the  name  of  Primary  or  PalcBozoic 
Rocks  (Gr.  palaioSy  ancient;  zoe,  life),  because  of  the  entire 
divergence  of  their  animals  and  plants  from  any  now  existing 
upon  the  globe.  The  Triassic,  Jurassic,  and  Cretaceous 
systems  aure  grouped  together  as  the  Secondary  or  Mesozoic 
formations  (Gr.  tnesos^  intermediate;  zoe^  life),  because  their 
organic  remains  are  intermediate  between  those  of  the  Pal- 
aeozoic period,  and  those  of  more  modem  strata.  The  Eocene, 
Miocene,  Pliocene,  and  Post-tertiary  Rocks  are  grouped  together 
under  the  head  of  Tertiary  or ^ainozoic Rocks  (Gt.  kainos,  new; 
zoe,  life),  because  their  organic  remains  approximate  in  char- 
acter to  those  now  existing  upon  the  globe. 


CHAPTER   III. 


CONTEMPORANEITY  OF  STRATA   AND 
GEOLOGICAL  CONTINUITY, 

When  groups  of  beds  in  different  parts  of  the  earth's  surfeice, 
however  widely  separated  from  one  another,  contain  the  same 
fossils,  or  rather  an  assemblage  of  fossils  in  which  many  iden- 
tical forms  occur,  they  are  ordinarily  said  to  be  "  contempora- 
neous ; "  that  is  to  say,  they  are  ordinarily  supposed  to  belong 
to  the  same  geological  period,  and  to  have  been  formed  at  the 
same  time  in  the  history  of  the  earth.  They  would  therefore 
be  unhesitatingly  regarded  as  "geological  equivalents,"  and 
would  be  classed  as  Silurian,  Devonian,  Carboniferous,  and  so 
on.  It  is  to  be  remembered,  however,  that  it  is  not  necessary, 
to  establish  such  a  degree  of  equivalency  between  widely 
separated  groups  of  strata,  that  the  fossils  of  each  should  be 
to  any  great  extent  specifically  identical.  It  is  sufficient  that, 
whilst  some  few  species  are  identical  in  both,  the  majority  of 
the  fossils  should  be  "  representative  forms,"  or,  in  other  words, 
nearly  allied  species.  It  will  be  shown,  however,  that  groups 
of  strata  widely  removed  from  one  another  in  point  of  distance 
can  only  exceptionally  be  "contemporaneous,"  in  the  strict 
sense  of  this  term.  On  the  contrary,  in  so  far  as  we  can  judge 
from  the  known  facts  of  the  present  distribution  of  living  beings, 
the  occurrence  of  exactly  the  same  fossils  in  beds  far  removed 
from  one  another  is  primd  facie  evidence,  that  the  strata  are 
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not  exactly  contemporaneous,  but  that  they  succeeded  one 
another  in  point  of  time,  though  by  no  long  interval  geologi- 
cally speaking. 

Most  of  the  facts  bearing  upon  this  question  may  be  elicited 
by  a  consideration  of  such  a  widely  extended  and  well-known 
formation  as  the  Mountain  Limestone  or  Sub-Carboniferous 
Limestone.  This  formation  occurs  in  localities  as  remote 
from  one  another  as  Europe,  Central  Asia,  North  America, 
South  America,  and  Australia ;  and  it  is  characterised  by  an 
assemblage  of  well-marked  fossils,  amongst  which  Brachiopods 
belonging  to  the  genus  Produda  .may  be  specially  singled  out 
Now,  if  we  believe  that  the  Carboniferous  Limestone  in  all 
these  widely  distant  localities  was  strictly  contemporaneous, 
we  should  be  compelled  to  admit  the  existerifce  of  an  ocean 
embracing  all  these  points,  and,  in  spite  of  its  enormous  ex- 
tent, so  uniform  in  temperature,  depth,  and  the  other  condi- 
tions of  maurine  life,  that  beings  either  the  same  or  very  nearly 
the  same  inhabited  it  from  end  to  end.  We  can,  however, 
point  to  no  such  uniformity  of  conditions  and  consequent  uni- 
formity of  life  over  any  such  vast  area  at  the  present  day ;  and 
we  have  therefore  no  right  to  assume  that  this  is  the  true 
explanation  of  the  facts.  Indeed,  this  explanation  would 
almost  necessarily  lead  us  to  the  now  abandoned  theory  that 
each  period  in  geological  history  was  characterised  by  a  special 
group  of  organisms  spreading  over  the  whole  globe,  and  that 
there  took  place  at  the  close  of  each  period  a  general  destruc- 
tion of  all  existing  forms  of  life,  and  a  fresh  creation  of  the  new 
forms  characteristic  of  the  next  period. 

In  our  inability,  then,  to  accept  this  view,  we  must  seek  for 
some  other  explanation  of  the  observed  facts.  The  most  pro- 
bable view,  and  the  one  which  is  supported  most  strongly  both 
by  what  we  see  at  the  present  day  and  by  what  we  learn  from 
numerous  examples  in  past  time,  is  this : — The  Carboniferous 
Limestone  was  not  deposited  all  over  the  world  in  one  given 
period,  by  one  sea,  or  at  exactly  the  same  time ;  so  that  it 
cannot  be  said  to  be  strictly  "  contemporaneous"  wherever  it 
is  found.  This  would  imply  a  uniformity  of  conditions  over 
vast  distances,  such,  as  exists  nowhere  at  the  present  day,  and 
such  as  we  have  no  right  to  assume  ever  existed.  On  the 
contrary,  the  deposition  of  the  Carboniferous  Limestone  must 
have  first  taken  place  in  one  comparatively  limited  area — say 
in  Europe — where  fitting  conditions  were  present  both  for  the 
animals  which  characterise  it,  and  for  the  formation  of  beds  of 
its  peculiar  mineral  and  physical  characters.  How  wide  this 
area  may  have  been,  signifies  very  little.    It  may  have  been  as 
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laige  as  the  area  now  covered  by  the  Pacific,  or  laiger,  and  yet 
it  could  not  include  all  those  localities  in  which  strata  of  Car- 
boniferous age  with  identical  or  representative  fossils  are 
already  known  to'  exist  At  the  close  of  the  deposition  of 
the  Carboniferous  Limestone  in  its  original  area,  the  condi- 
tions there  present  must  be  supposed  to  have  become  unsuit- 
able for  the  further  existence  in  that  area  of  the  ^semblage  of 
animals  which  had  been  its  inhabitants,  or,  at  any  rate,  for  a 
great  many  of  them.  The  change  from  suitable  to  unsuitable 
conditions  must,  it  is  hardly  necessary  to  say,  have  been  an 
extremely  slow  and  gradual  one ;  and  would  doubtless  be  con- 
nected with  the  progressive  shallowing  of  the  sea,  the  diversion 
of  old  currents  of  heated  water  or  the  incoming  of  new  currents 
of  cold  water,  "or  other  physical  changes  tending  to  alter  the 
climatic  conditions  of  the  area.  What,  then,  would  be  the 
effect  of  such  a  change  of  conditions  as  we  have  supposed 
upon  the  animals  inhabiting  the  area?  a.  Some  of  them 
would,  doubtless,  be  sufficiently  hardy  and  accommodating  to 
bear  up  under  the  new  state  of  things ;  and  these  would  per- 
sist into  the  ensuing  period,  without  any  perceptible  change,  it 
might  be,  or  more  probably  in  the  form  of  varieties  or  species 
allied  to  the  old  ones.  In  this  case,  therefore,  we  should  get 
a  certain  number  of  species  which  would  pass  from  the  Car- 
boniferous Limestone  up  into  the  Yoredale  Series,  the  Mill- 
stone Grit  or  the  Coal-measures ;  or,  if  we  did  not  find  any 
species  exactly  the  same  in  all  these  groups,  we  should  still  find 
in  the  later  groups  some  forms  which  would  be  varieties  of  those 
of  the  older,  or  which  would  be  allied  or  representative  species. 

b.  There  would,  in  the  second  place,  be  a  certain  number  of 
species  which  would  be  utterly  unable  to  withstand  the  altered 
conditions  of  the  area  \  and  these  would  gradually  die  out  and 
become  wholly  extinct  We  should  thus  get  a  certain  number 
of  fossils  which  would  be  either  exclusively  confined  to  the 
Carboniferous  Limestone  in  general,  or  which,  perhaps,  might 
not  be  found  out  of  the  Carboniferous  Limestone  of  a  single 
region,  or  even  a  single  particular  locality. 

c.  Lastly,  some  species  would  yield  so  far  to  the  altered 
conditions  of  the  area  that  they  would  "  migrate,"  and  seek 
elsewhere  a  more  congenial  home.  This  term  is  apt  to  convey 
false  impressions  ;  and  it  will  be  well  here  to  consider  what  is 
meant  by  the  "  migration  "  of  species  or  groups  of  animals.  It 
is  quite  obvious  that  only  animals  like  birds,  mammals,  insects, 
&c,  which  enjoy  when  grown  up  the  power  of  active  locomo- 
tion, can  actually  "  migrate  "  in  person,  supposing  they  find 
themselves  placed  under  unfavourable  conditions.     There  are 


CONTEMPORANEITY  OF  STRATA.  1/ 

many  animals,  however,  such  as  most  shell-fish,  corals,  sea- 
urchins,  &C.,  which  have,  when  adult,  either  no  power  of  chang- 
ing their  place,  or  at  best  a  very  limited  one.  Still  in  these 
cases  even,  though  the  individual  has  no  means  of  removing 
his  quarters  to  some  more  favoured  spot,  there  may  be  a  "migra- 
tion "  of  the  species  from  an  unsuitable  to  a  suitable  locaEty. 
This  is  eflfected  through  the  medium  of  the  young,  which  have 
the  power  of  choosing  where  they  will  settle,  and  are  endowed 
with  vigorous  powers  of  locomotion.  If,  for  example,  a  bed  of 
oysters  should  become  placed  under  conditions  unsuitable  for 
the  development  of  these  molluscs,  it  is  clear  that  the  old 
oysters  cannot  change  their  location.  The  young  oysters, 
however,  swim  about  freely;  and  these  will  move  away  from  the 
original  bed  till  they  find  a  place  which  will  suit  them.  By  a 
repetition  of  this  process  there  may  be  in  course  of  time  a  re- 
moval or  "  migration  "  of  a  species  to  almost  any  distance,  irre- 
spective of  the  fact  that  the  adult  is  permanently  rooted. 

To  return,  then,  to  the  case  which  we  have  been  consider- 
ing : — ^When  the  conditions  of  life  in  the  seas  of  the  Carbonifer- 
ous Limestone  became  unfavourable  for  the  further  existence  of 
their  fauna,  some  species  would  migrate  to  a  more  congenial 
area.  In  this  way  a  greater  or  less  number  of  the  species 
characteristic  of  the  Carboniferous  Limestone  would  ultimately 
be  transferred  to  some  other  area.  Here  they  would  mingle 
with  the  forms  already  inhabiting  that  area,  perhaps  more  or 
less  completely  supplanting  these,  perhaps  merely  succeed- 
ing in  maintaining  a  more  or  less  precarious  existence.  In 
either  case,  their  remains  would  be  preserved  in  the  sedimen- 
tary deposits  of  the  new  area.  When,  ages  afterwards,  we  come 
to  examine  the  crust  of  the  earth  geologically,  we  should  find 
these  identical  and  characteristic  species  of  fossils  in  the  rocks 
of  the  two  areas,  and  we  should  say — "  these  rocks  are  contem- 
poraneous.*' It  is  clear,  however,  that  we  should  be  wrong  in 
so  saying.  The  rocks  in  question  would  belong  to  the  same 
geological  period,  but  they  would  belong  to  different  stages  of 
the  same  period,  and  they  would  not  be  strictly  contemporan- 
eous. For  deposits  of  this  nature,  believed  to  hold  this  relation 
to  each  other,  the  term  of  "  homotaxeous"  has  been  proposed, 
in  place  of  the  term  "  contemporaneous." 

What  has  just  been  said  about  the  Carboniferous  Rocks 
would  apply  with  equal  justice  to  all  the  great  formations,  and 
to  many  of  the  smaller  rock-groups  all  over  the  world.  The 
Silurian  Rocks  of  Europe,  North  America,  South  America, 
Australia,  &c.,  contain  very  similar  fossils,  and  are  undoubtedly 
"  homotaxeous."    Nothing,  however,  that  we  see  at  the  present 
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day  can  justify  us  in  believing  that  these  widely  separated  de- 
posits are  strictly  "  contemporaneous,"  in  the  sense  that  they 
were  deposited  at  exactly  the  same  period  of  time.  We  should 
have  to  believe,  if  this  conclusion  is  to  be  justified,  that  in  Silu- 
rian times  the  ocean  spread  over  a  much  larger  area  of  the 
earth's  surface  than  it  does  now,  and  that  its  temperature  and 
depth  were  unnaturally  uniform  :  and  there  are,  perhaps,  some 
who  would  accept  this  view.  What  has  been  said  about  the  Silu- 
rian Rocks  as  a  whole  applies  with  still  greater  force  to  certain 
of  the  minor  subdivisions  of  the  same,  which  contain  many  of 
exactly  the  same  specific  forms  in  parts  of  the  globe  very 
widely  removed  from  one  another.  It  is  the  very  identity  of 
the  fossils,  however,  which  proves  that  the  beds  in  question, 
from  their  geographical  position,  cannot  have  been  deposited 
at  exactly  the  same  time,  though  they  doubtless  belong  to  the 
same  period,  and  may  even  be  said  to  be  related  to  one  an- 
other, as  far  as  the  identical  fossils  are  concerned,  by  lineal 
descent  Similar  remarks  might  be  made  about  the  Devonian, 
Permian,  Triassic,  Jurassic,  Cretaceous,  and  other  formations ; 
but  it  is  not  necessary  further  to  multiply  examples. 

If  we  consider  the  present  state  of  things  upon  the  globe,  we 
shall  be  further  convinced  of  the  justice  of  these  views,  which 
were  first  prominently  brought  forward  by  Professor  Huxley. 
If  we  could  suddenly  remove  the  sea  from  the  earth,  we  should 
find  at  various  points  of  the  earth's  surface  deposits  of  diflferent 
kinds,  now  concealed  firom  us  by  the  ocean,  or  only  partially 
known  by  dredgings  or  soundings.  Thus,  we  should  find  vast 
accumulations  of  calcareous  matter,  in  the  form  of  coral-rock 
and  coral-reef,  where  now  rolls  the  Pacific  Ocean.  In  high 
northern  and  low  southern  latitudes  we  should  find  great  de- 
posits of  sand  and  mud,  with  angular  blocks  of  stone,  the 
whole  derived  from  the  ice-clad  regions  of  the  poles.  Over 
vast  areas,  again,  in  the  deep  Atlantic,  we  should  find  an  im- 
palpable chalky  mud,  or  "ooze."  All  these  different  deposits 
are  obviously  and  necessarily  "  contemporaneous,"  not  only  in 
the  geological  acceptation  of  the  word,  but  in  its  most  literal 
sense.  In  spite  of  this  fact  they  would  not  contain  the  same 
fossils;  and,  indeed,  they  would  be  characterised  by  organic 
remains  which  would  be  wholly  different  in  each  case.  The 
coral-reefs  of  the  Pacific  would  be  essentially  characterised  by 
the  abundance  of  the  remains  of  reef-building  corals,  though 
they  would  also  present  other  tropical  forms  of  life,  especially 
Brachiopods  and  Echinoderms.  The  glacial  mud  of  the  Polar 
regions  would  contain  the  remains  of  Arctic  molluscs,  along 
with  such  other  animals  as  delight  in  severe  cold.     Lastly,  the 
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ooze  of  the  deep  Atlantic  would  contain  innumerable  Faram- 
inifera^  along  with  siliceous  Sponges,  Sea-urchins,  and  Crinoids. 
We  learn,  therefore,  from  this,  that  contemporaneous  deposits 
not  only  do  not  necessarily  contain  the  same  fossils,  but  that, 
if  widely  separated  geographically,  they  may  be  characterised 
by  wholly  dissimilar  assemblages  of  organisms. 

It  may  happen,  again,  as  pointed  out  by  Sir  Charles  Lyell, 
that  deposits  belonging  to  different  geographical  and  zoological 
provinces  may,  as  regards  space,  be  nearly  approximated,  and, 
as  regards  time,  may  be  actually  contemporaneous,  and  yet 
may  not  contain  any  fossils  in  common,  or  only  a  very  few.  If, 
for  example,  any  sudden  upheaval  were  to  lay  bare  what  is  now 
the  floor  of  the  Red  Sea  together  with  that  of  the  Mediter- 
ranean, we  should  find  the  two  areas  to  contain  deposits  actu- 
ally synchronous  as  regards  the  time  of  their  deposition,  and 
very  near  to  one  another  in  point  of  distance,  and  yet  contain- 
ing, upon  the  whole,  entirely  distinct  groups  of  organic  remains. 
We  learn,  therefore,  from  this,  that  owing  to  the  existence  of 
geographical  barriers,  it  is  possible  for  contemporaneous  de- 
posits to  be  found  in  close  contiguity,  in  a  single  region,  and 
yet  to  contain  very  different  fossils. 

Again,  we  know  from  the  researches  of  Professors  Carpenter 
and  Wyville  Thomson  and  Mr  G\iyn  Jeffreys,  that  deposits  may 
be  formed,  side  by  side,  in  a  single  ocean^  and  may  yet  differ 
from  one  another  altogether,  both  in  mineral  characters  and  in 
their  included  fossils,  though  strictly  contemporaneous  in  point 
of  time.  Thus,  in  parts  of  the  deep  Atlantic  where  the  tem- 
perature of  the  bottom  water  is  comparatively  high,  we  have 
the  calcareous  deposit  of  the  ooze,  abounding  in  Foraminifera, 
Sponges,  and  Echinoderms.  In  certain  other  areas  in  the 
same  ocean,  and  in  comparatively  close  contiguity  with  the 
preceding,  we  have  the  temperature  lowered  by  cold  currents, 
and  we  find  a  sandy  deposit  in  process  of  formation,  with  a 
fauna  much  more  scanty  than  that  of  the  ooze,  and  wholly 
distinct  from  it  We  thus  learn  that  sedimentary  deposits  may 
be  strictly  contemporaneous,  and  may  be  placed  very  near  to 
one  another  in  point  of  distance,  and  yet  may  contain  very 
different  fossils. 

Lastly,  synchronous  deposits  necessarily  contain  wholly  dif- 
ferent fossils,  if  one  has  been  deposited  by  fresh  water,  and  the 
other  has  been  laid  down  in  the  sea.  The  fresh-water  deposits 
of  one  period  are  obviously  contemporaneous  with  the  marine 
formations  of  the  same  period,  and  they  may  not  be  far 
removed  from  one  another  in  point  of  distance,  but  they  must 
contain  altogether  different  organic  remains.    The  former  will 
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contain  remains  of  the  fresh-water  and  terrestrial  animals  of 
the  period,  and  of  these  only ;  whilst  the  latter  will  principally, 
if  not  exclusively,  be  characterised  by  the  remains  of  marine 
forms  of  life.  In  this  way,  there  is  reason  to  believe,  may  be 
explained  the  differences  between  the  fossils  of  the  Old  Red 
Sandstone  and  of  the  Devonian  Rocks,  strictly  so  called.  Both 
are  believed  to  have  been  deposited  in  the  same  geological 
period,  and  to  be  truly  "  contemporaneous ; "  but  they  do  not 
contain  the  same  fossils.  This  may  be  readily  explained,  how- 
ever, if  we  suppose  the  former  to  represent  the  fresh-water 
deposits  of  the  Devonian  period,  or  to  have  been  laid  down  in 
an  inland  sea,  whilst  the  latter  is  the  true  marine  formation  of 
the  same  period. 

We  are  now  in  a  position  very  briefly  to  discuss  the  question 
of  what  may  be  called  "geological  continuity."  It  has  already 
been  stated  that  the  entire  series  of  Fossiliferous  or  Sedi- 
mentary Rocks  may  be  naturally  divided  into  a  certain  num- 
ber of  definite  rock-groups  or  "  formations,'*  each  of  which  is 
characterised  by  the  possession  of  a  peculiar  and  characteristic 
assemblage  of  fossils,  constituting,  or  rather  representing,  the 
"  life  "  of  the  "  period  "  in  which  the  formation  was  deposited. 
The  older  geologists  held,  what  probably  every  one  would  be 
tempted  to  think  at  first,  that  the  close  of  each  formation  was 
characterised  by  a  general  destruction  of  the  forms  of  life  of 
the  period,  and  that  the  commencement  of  each  new  formation 
was  accompanied  by  the  creation  of  a  number  of  new  animals 
and  plants,  destined  to  figure  as  the  characteristic  fossils  of 
the  same.  This  theory,  however,  not  only  invokes  forces  and 
processes  which  it  can  in  no  way  account  for,  but  overlooks 
the  fact  that  most  of  the  great  formations  are  separated  by 
lapses  of  time,  unrepresented  perhaps  by  any  deposition 'of 
rock,  or  represented  only  in  some  particular  area,  and  yet, 
perhaps,  as  great  as,  or  greater  than,  the  whole  time  occupied 
in  the  production  of  the  formation  itself. 

Nowadays,  most  geologists  hold  that  there  was  no  such 
sudden  destruction  of  life  at  the  close  of  each  great  geological 
epoch,  and  no  such  creation  of  fresh  forms  at  the  commence- 
ment of  the  next  period.  On  the  contrary,  they  hold  that 
there  is  a  geological  "continuity,"  such  as  we  see  in  other 
departments  of  nature,  and  that  the  lines  which  we  draw 
between  the  great  formations  merely  mark  periods  of  time  in 
which  no  rocks  were  laid  do^vn,  or  the  rocks  deposited  in 
which  are  at  present  unknown  to  us. 

What  are  we  to  believe  occurred  at  the  close  of  any  great 
geological  period — ^say,  the  Cretaceous  period?    If  we  reject 
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the  view  that  the  close  of  the  period  was  marked  by  a  sudden 
and  universal  extinction  and  destruction  of  the  characteristic 
Cretaceous  forms  of  life,  there  is  only  one  other  view  which 
we  can  take.  Confining  our  attention  solely  to  those  seas  of  the 
period  of  which  alone  we  know  enough  for  safe  reasoning, 
we  know  that  the  close  of  the  Cretaceous  period  in  Europe 
was  accompanied,  or  rather  caused,  by  an  upheaval  of  the 
Cretaceous  area,  and  an  obliteration  of  the  Cretaceous  sea. 
This  upheaval  was,  of  course,  effected  with  extreme  slowness, 
or,  at  any  rate,  not  suddenly,  and  it  must  have  completely 
changed  the  life-conditions  or  "  environment "  of  the  animals 
which  swarmed  in  the  Cretaceous  seas.  Some  of  these  would 
doubtless  be  unable  to  accommodate  themselves  to  their 
altered  surroundings,  and  would  simply  die  out.  Others,  we 
may  presume,  would  migrate  to  some  more  favourable  area, 
and  some  of  these  might  accomplish  their  migration  without 
undergoing  any  change.  Most,  however,  of  the  forms  which 
migrated,  in  the  process  of  migration,  and  by  reason  of  coming 
into  contact  with  strange  neighbours  and  untried  conditions, 
would  probably  undergo  more  or  less  modification.  Ulti- 
mately, therefore,  many  characteristic  Cretaceous  forms  might 
be  transferred  to  some  sea  far  distant  from  their  original  home. 
Not  only  so,  but  some  of  the  transferred  species  might  have 
suffered  so  much  modification  that  they  would  no  longer  be 
regarded  as  specifically  identical  with  the  original  Cretaceous 
forms,  but  would  be  looked  upon  simply  as  allied  or  "  repre- 
sentative "  species,  though  really  the  lineal  descendants  of  the 
animals  of  the  Chalk. 

It  is  perfectly  clear  that  the  process  of  rock  -  deposition 
which  was  going  on  in  Europe  towards  the  close  of  the 
Cretaceous  period  was  not,  and  could  not  be,  abolished  by 
the  elevation  of  the  European  area,  and  the  obliteration  of  the 
Cretaceous  sea,  but  was  simply  transferred  to  some  other  area. 
In  this  particular  case,  we  do  not  happen  to  know  where  the 
new  area  of  deposition  may  have  been.  It  is  quite  certain, 
however,  that  in  whatever  area  the  Cretaceous  animals  took 
refuge,  there  rocks  must  have  been  deposited  in  course  of 
time,  as  they  are  in  all  seas,  though  it  does  not  in  the  least 
follow  that  the  rocks  of  this  new  area  should  have  the  smallest 
likeness  in  mineral  composition  to  the  Cretaceous  sediments. 
If  we  should  at  any  time  discover  these  rocks,  it  may  pretty 
safely  be  predicted  what  we  should  find  in  them  in  the  way  of 
fossils.  We  should  find,  namely,  some  Cretaceous  species, 
probably  unchanged ;  with  these  there  would  be  forms  allied 
to  the  Cretaceous  species,  but  differing  from  them  to  a  greater 
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or  less  extent ;  in  addition,  there  would  be  a  certain  proportion 
of  forms  of  life  wholly  unknown  in  the  Cretaceous  Rocks ;  and, 
lastly,  there  would  be  a  conspicuous  absence  of  certain  charac- 
teristic species  of  the  Chalk  period.  In  other  words,  such 
deposits  as  we  have  been  speaking  of  would  contain  an  assem- 
blage of  fossils  more  or  less  intermediate  in  character  between 
*tliose  of  the  true  Cretaceous  period  and  those  of  the  lowest 
Tertiary  beds  (Eocene),  which  rest  upon  the  Chalk,  or  they 
would  present  an  intermixture  of  Cretaceous  with  Eocene 
types.  In  point  of  fact,  we  have  fragments  of  such  interme- 
diate deposits  (in  the  Maestricht  beds  of  Holland,  the  Pisolitic 
Limestone  of  France,  the  Faxoe  Limestone  of  Denmark,  and 
the  Thanet  Sands  of  Britain),  and  we  find  in  them  traces  of 
such  an  intermixture. 

We  may  pause  here  to  consider  how  it  is  that  we  may  never 
hope  to  find  a  complete  series  of  deposits  linking  on  one  great 
formation  to  another,  as,  for  example,  the  Chalk  to  the  Eocene 
Rocks.  In  the  first  place,  only  a  limited  portion  of  the  earth 
has  as  yet  been  properly  examined,  and  we  have  therefore  no 
right  to  expect  that  we  have  as  yet  hit  upon  the  area,  or  areas, 
to  which  the  process  of  rock-forming  was  transferred  at  the 
close  of  the  Cretaceous  period  proper  in  Europe.  We  have, 
however,  the  full  right  to  expect  that  we  shall  ultimately  find 
formations  which  will  have  to  be  intercalated  in  point  of  time 
between  the  White  Chalk  and  the  Eocene;  and,  as  before 
said,  traces  of  such  are  already  known  to  us.  In  the  second 
place,  we  have  every  reason  to  suppose  that  many  of  these 
intermediate  deposits  have  been  destroyed  at  some  period  sub- 
sequent to  their  formation  by  what  is  technically  called 
"  denudation,"  or,  in  other  words,  by  the  action  of  rain,  rivers, 
ice,  and  the  sea.  In  the  third  place,  many  of  the  missing 
deposits  may  have  been  concealed  since  their  formation  by 
the  deposition  upon  them  of  other  newer  rocks ;  or  they  may 
be  situated  in  areas  which  are  at  present  covered  by  the 
ocean.  Lastly,  we  must  not  forget  that  there  may  have  been 
times  in  which  great  changes  in  life  were  actively  progressing 
in  areas  in  which  there  might  be  little  or  no  contemporaneous 
deposition  of  rock,  so  that  the  extreme  terms  of  a  series  might 
be  preserved  to  us  whilst  all  the  intermediate  hnks  might  have 
escaped  record. 

From  these  and  similar  causes,  it  is  almost  certain  that  we 
shall  never  be  able  to  point  to  a  complete  series  of  deposits 
linking  one  great  geological  period,  such  as  the  Cretaceous,  to 
another,  such  as  the  Eocene.  Still,  we  may  well  have  a  strong 
conviction  that  such  deposits  must  exist,  or  must  have  existed. 
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as  memorials  of,  at  any  rate,  part  of  the  time  which  elapsed 
between  the  close  of  the  one  formation  and  the  commence- 
ment of  the  next  Upon  any  theory  of  "  evolution,''  at  any 
rate,  it  is  certain  that  there  can  be  no  total  break  in  the  great 
series  of  the  stratified  deposits,  but  that  there  must  have  been 
a  complete  continuity  of  life,  and  a  more  or  less  complete 
continuity  of  deposition,  from  the  Laurentian  period  to  the 
present  day.  There  was,  and  could  have  been,  no  such  con- 
tinuity in  any  one  given  area ;  but  the  chain  could  never  have 
been  snapped  at  one  point  and  taken  up  at  a  wholly  different 
one.  The  links  must  have  been  forged  in  different  places, 
but  the  chain,  nevertheless,  remained  unbroken.  From  this 
point  of  view,  there  would  be  little  impropriety  in  saying  that 
we  are  living  in  the  Silurian  period ;  but  we  could  only  say  so 
in  a  very  limited  sense.  While  most  geologists  will  readily 
admit  that  there  must  have  been  such  an  actual  continuity  of 
the  great  geological  periods,  from  the  earliest  times  up  to  the 
present  day,  it  remains  certain  that  we  can  never  dispense  with 
the  division  of  the  stratified  series  into  definite  rock-groups 
and  life-periods.  We  can  never  hope  to  discover  all  the  lost 
links  of  the  geological  chain,  and  the  great  formations  will 
always  be  separated  from  one  another  by  more  or  less  evident 
physical  or  palaeontological  breaks,  or  by  both  combined.  The 
utmost  we  can  at  present  do  is  to  arrive  at  the  conviction  that 
the  lines  of  demarcation  between  the  great  formations  only 
mark  gaps  in  our  knowledge,  and  that  there  can  be  in  nature 
no  hiatus  in  the  long  series  of  fossiliferous  deposits. 

The  theory  of  "  geological  continuity,"  then,  may  in  practice 
be  carried  so  far  as  to  be  useless,  or  even  injurious  to  the  progress 
of  science.  This  would  seem  to  be  the  case  with  the  attempt 
to  show  that  we  "  are  still  living  in  the  Cretaceous  period," 
and  that  the  ooze  now  forming  at  the  bottom  of  the  deep 
Atlantic  is  merely  a  continuation  in  point  of  time  of  the  great 
and  well-known  formation  of  the  White  Chalk.  The  points  of 
resemblance  by  which  this  is  sought  to  be  established  are 
these:  i.  The  Atlantic  ooze  or  "abyssal  mud"  is  a  whitish 
or  grayish-looking  mud,  containing  about  sixty  per  cent  of 
carbonate  of  lime,  with  from  twenty  to  thirty  per  cent  of  silica, 
and  a  variable  quantity  of  alumina.  When  dry,  and  espe- 
cially if  consolidated,  it  may  fairly  be  compared  in  mineral 
composition  to  some  varieties  of  Chalk  or  to  Chalk-marl.  2. 
The  abyssal  mud  of  the  Atlantic  is  to  a  very  large  extent  com- 
posed of  the  microscopic  shells  of  Foraminiferay  some  of  which 
are  specifically  identical  with  Cretaceous  forms,  whilst  White 
Chalk  is  known  to  be  very  largely  composed  of  the  debris 
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of  these  minute  organisms.  3.  The  ooze  contains  siliceous 
sponges,  in  many  respects  comparable  to  the  sponges  which 
are  so  characteristic  of  the  Cretaceous  period.  4.  The  ooze 
contains  Echinoderms,  especially  Sea-urchins  and  Crinoids, 
such  as  abounded  in  the  Chalk  period  ;  whilst  one  of  the  latter 
is  related  to  a  Cretaceous  type  hitherto  believed  to  be  extinct 
5.  We  have  reason  to  believe  that  the  conditions  under  which 
the  Chalk  was  formed  were  very  similar  to  those  now  present 
in  the  Atlantic  at  great  depths. 

On  the  other  hand,  as  pointed  out  by  Sir  Charles  Lyell  and 
Mr  Prestwich,  the  differences  between  the  Atlantic  ooze  and 
and  the  Chalk  are,  to  say  the  least  of  it,  quite  as  weighty  as 
the  resemblances,  if  not  more  so.  Chalk  is  composed  of  from 
eighty  to  as  much  as  ninety-nine  per  cent  of  carbonate  of  lime, 
and  has  therefore  a  very  small  proportion  of  any  siliceous 
or  aluminous  impurity.  Secondly,  the  occurrence  of  identical 
species  of  Foraminifera  in  the  two  formations  amounts  to  very 
little ;  for  it  is  well  known  that  such  lowly  organised  forms  of 
life  have  an  extraordinary  power  of  persistence,  surviving  geo- 
logical changes  which  are  fatal  to  higher  organisms.  Lastly, 
the  most  characteristic  of  the  Chalk  fossils,  such  as  the  various 
forms  of  Cephalopoda  and  Bivalve  Molluscs,  are  entirely  want- 
ing in  the  Atlantic  ooze. 

Mr  Prestwich  concludes  that  although  it  is  probably  true 
that  "  some  considerable  portion  of  the  deep  sea-bed  of  the 
mid -Atlantic  has  continued  submerged  since  the  period  of 
our  Chalk,  and  although  the  more  adaptable  forms  of  life 
may  have  been  transmitted  in  unbroken  succession  through 
this  channel,  the  immigration  of  other  and  more  recent  faunas 
may  have  so  modified  the  old  population  that  the  original 
Chalk  element  is  of  no  more. importance  than  is  the  original 
British  element  in  our  own  English  people.  As  well  might  it 
have  been  said  in  the  last  century  that  we  were  living  in  the 
period  of  the  early  Britons,  because  their  descendants  and 
language  still  lingered  in  Cornwall,  as  that  we  are  living  in  the 
Cretaceous  period,  because  a  few  Cretaceous  forms  still  linger 
in  the  deep  Atlantic.  Period  in  Geology  must  not  be  con- 
founded with  *  system '  or  *  formation.'  The  one  is  only 
relative,  the  other  definite.  A  fonnation  is  deposited  or  takes 
place  during  a  certain  time,  and  that  time  is  the  period  of  the 
formation ;  but  a  geological  period  may  include  several  forma- 
tions, and  is  defined  by  the  preponderance  of  certain  orders, 
families,  or  genera,  according  to  the  extent  of  the  period 
spoken  of;  and  the  passage  of  some  of  the  forms  into  the  next 
geological  series  does  not  carry  the  period  with  them,  any  more 
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than  would  any  particular  historical  epoch  be  delayed  until  the 
survivors  of  the  preceding  one  had  died  out.  Period  is  an 
arbitrary  time-division.  The  Chalk  or  the  *  London  Clay' 
formations  mark  definite  stratigraphical  divisions.  We  may 
speak  of  the  period  of  the  London  Clay,  or  we  may  speak  of 
the  Tertiary  period.  It  merely  refers  to  the  *  time  when ' 
either  were  in  course  of  construction.  The  occurrence  of 
Triassic  forms  in  the  Jurassic  series,  of  Oolitic  forms  in  the 
Cretaceous  series,  and  of  Cretaceous  forms  in  the  Eocene,  in 
no  way  lessens  the  independence  of  each  series,  although  it 
may  sometimes  render  it  difficult  to  say  where  one  series  ceases 
and  the  other  commences.  The  land  and  littoral  faunas  are 
necessarily  more  liable  to  change  than  a  deep-sea  fauna, 
because  an  island  or  part  of  a  continent  may  be  submerged, 
and  all  on  it  destroyed,  while  the  fauna  of  the  adjacent  oceans 
would  survive;  and  as  we  cannot  suppose  the  elevation  of 
entire  ocean-beds  at  the  same  time,  the  maritime  fauna  of  one 
period  must  be  in  part  almost  necessarily  transmitted  to  the 
next." 

In  accordance,  therefore,  with  the  principles  here  laid  down, 
we  may  conclude  that  it  is  not  correct  to  say  that  we  "  are 
living  in  the  Cretaceous  period,"  in  any  other  sense  than  one 
might  say  that  we  are  living  in  the  Silurian  period,  with  this 
diflference,  that  the  Cretaceous  period  is  much  nearer  to  us  in 
point  of  time  than  the  Silurian,  and  that  we  can  therefore  trace 
a  relationship  between  certain  Cretaceous  types  and  certain 
living  forms  that  we  can  not  hope  to  establish  in  the  case  of 
Silurian  fossils. 

It  Is  to  be  observed,  lastly,  that  certain  classes  of  animals 
are  always  likely  to  flourish  in  places  and  times  in  which 
favourable  conditions  are  present,  wholly  irrespective  of  any 
genetic  connection  between  successive  faunae.  Thus,  the  con- 
ditions present  in  the  deep  Atlantic  are  such  as  favour  the 
existence  of  numerous  Foraminifera,  Sponges,  Echinoderms^ 
&c.  Similar  conditions  existed  in  the  seas  in  which  the  Chalk 
was  deposited ;  and  we  need  not,  therefore,  be  surprised  at  the 
predominance  of  similar  organisms  in  the  Cretaceous  period. 
In  the  same  way,  there  are  portions  of  the  Carboniferous 
Limestone  fairly  comparable  to  the  Chalk  in  mineral  characters 
(making  due  allowance  for  difierence  of  age),  and  containing 
forms  of  life  which  may  be  regarded  as  representative  of  the 
Cretaceous  fauna — such  as  Foraminifera^  smooth  Terebratuia, 
Crinoids,  and  Sea-urchins.  The  conditions,  however,  present 
in  the  deep  Atlantic  are  not  exactly  similar  to  those  under  which 
the  Chalk  was  deposited,  for  there  are  certain  great  classes, 
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such  as  the  Cephalopoda^  which  abounded  in  the  Cretaceous 
seas,  but  which  seem  to  have  no  representative  in  the  abyssal 
mud  of  the  Atlantic. 

Doctrine  of  Colonies. — It  only  remains  in  this  connec- 
tion to  consider  very  briefly  the  doctrine  of  "  colonies/'  laid 
down  by  M.  Barrande,  the  eminent  Bohemian  palaeontologist. 
It  has  been  laid  down  as  a  law  that  when  once  a  species  dis- 
appears it  never  again  makes  its  appearance  in  the  geological 
record.  This  is  unquestionably  true,  so  long  as  we  remember 
that  it  can  only  apply  to  cases  inr  which  a  species  has  entirely 
and  totally  disappeared  from  the  earth,  and  that  it  is  often 
very  difficult,  or  altogether  impossible,  to  obtain  evidence  as 
to  the  exact  time  at  which  a  given  species  has  thus  become 
actually  extinct.  There  are  plenty  of  cases  in  which  a  species 
seemingly  disappears  in  a  particular  set  of  rocks,  to  reappear 
in  some  higher  and  later  set  of  rocks  in  the  same  region,  whilst 
its  remains  are  wanting  in  all  the  intermediate  deposits  of  the 
area.  It  also  often  occurs  that  a  species,  having  disappeared 
in  one  region,  is  found  in  deposits  of  a  later  age  in  another 
area.  The  above-mentioned  law,  therefore,  can  obviously  only 
hold  good  of  cases  in  which  a  species  has  definitely  and  finally 
become  extinct ;  and  this  implies  an  amount  of  knowledge  on 
our  part  which  we  seldom  or  never  possess.  M.  Barrande, 
however,  has  pointed  out  that  there  are  other  cases  in  which 
groups  of  species  peculiar  to  one  set  of  beds  may  appear  in  a 
temporary  and  sporadic  manner  in  a  much  earlier  set  of  beds, 
the  two  deposits  thus  characterised  being  separated  by  beds 
containing  fossils  peculiar  to  the  earlier  and  older  series. 
Thus,  the  Upper  and  Lower  Silurian  Rocks  of  Bohemia  are 
characterised  by  very  distinct  assemblages  of  fossils.  It  is 
found,  however,  that  the  Lower  Silurian  Rocks  contain  in 
places  a  group  of  fossils  characteristic  of  the  Upper  Silurian 
series.  The  beds  containing  this  "  colony  "  of  Upper  Silurian 
forms  are  succeeded  by  strata  filled  with  Lower  Silurian  fossils ; 
and  it  is  only  after  several  alternations  of  this  kind  that  the 
Upper  Silurian  fauna  comes  in  definitely  and  generally.  These 
temporary  appearances  of  a  later  fauna  in  the  midst  of  an  older 
fauna  are  termed  by  M.  Barrande  "  colonies,"  and  he  explains 
their  occurrence  as  follows  : — If  we  suppose  the  seas  of  the 
Bohemian  area  to  have  been  peopled  with  Lower  Silurian 
animals  at  a  time  when  other  portions  of  Europe  were  covered 
by  a  sea  containing  Upper  Silurian  animals,  and  suppose  the 
former  area  to  have  been  shut  off  from  the  latter  by  a  land- 
barrier,  we  can  readily  understand  how  the  "  colonies  "  were 
produced.     If,  from  any  cause,  a  channel  of  communication 
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were  opened  between  the  Bohemian  area  and  the  general  area 
of  Northern  Europe,  an  immigration  of  species  would  take 
place  from  the  latter  into  the  former  area.  The  Upper 
Silurian  species  of  the  latter  area  would  thus  be  imported,  in 
greater  or  less  numbers,  into  the  midst  of  the  general  Lower 
Silurian  fauna  of  Bohemia,  and  would  be  preserved  in  the 
Lower  Silurian  Rocks.  If,  however,  the  channel  of  com- 
munication were  speedily  closed,  so  that  the  new-comers 
could  not  be  constantly  reinforced  by  fresh  immigrants,  the 
"colonial"  species  would  die  out,  and  the  general  Lower 
Silurian  fauna  would  again  reign  supreme.  A  reopening  of 
the  channel  of  communication  would  allow  of  a  fresh  immigra- 
tion and  the  formation  of  a  fresh  "  colony,"  and  the  process- 
might  be  indefinitely  repeated.  Finally,  however,  we  must 
suppose  that  the  Bohemian  area  was  permanently  thrown  open 
to  immigration  from  the  general  European  area,  when  the 
Upper  Silurian  fauna  of  the  latter  would  succeed  in  per- 
manently and  completely  displacing  the  old  Lower  Silurian 
fauna  of  the  former  region.  The  phenomenon,  therefore,  of 
"  colonies,"  may  be  defined  as  "the  coexistence  of  two  general 
faunas,  which,  considered  in  their  entirety,  are  nevertheless 
distinct ; "  and  it  is  to  be  regarded  as  merely  a  case  of  migra- 
tion under  certain  peculiar  and  exceptional  circumstances. 
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THE  IMPERFECTION  OF  THE  PALjEONTOLOGICAL 

RECORD. 

As  has  been  already  pointed  out,  the  series  of  the  stratified 
formations  is  an  imperfect  one,  and  is  likely  ever  to  remain  so. 
The  causes  of  this  "  imperfection  of  the  geological  record,"  as  it 
has  been  termed  by  Darwin,  are  various ;  but  it  is  chiefly  to  be 
ascribed  to  our  as  yet  incomplete  knowledge  of  the  geology  of 
vast  areas  of  the  earth's  surface,  to  denudation,  and  to  the  fact 
that  many  of  the  missing  groups  are  buried  beneath  other  de- 
posits, whilst  more  than  half  of  the  superficies  of  the  globe  is 
hidden  from  us  by  the  waters  of  the  sea.  The  imperfection  of 
the  geological  record  necessarily  implies  an  equal  imperfection 
of  the  " palaeontological  record;"  but,  in  truth,  the  record  of 
life  is  far  more  imperfect  than  the  mere  physical  series  of  de- 
posits.    As  we  are  here  chiefly  concerned  with  the  biological 
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aspect  of  the  question,  we  may  advantageously  consider  some 
of  the  main  causes  of  the  numerous  breaks  and  gaps  in  the 
palaeontological  record  at  some  length. 

I.  Causes  of  the  Absence  of  Certain  Animals  in 
FossiLiFERous  DEPOSITS. — In  the  first  place,  even  if  the  series 
of  the  stratified  deposits  had  been  preser\'ed  to  us  in  its  entirety, 
and  we  could  point  to  the  sedimentary  accumulations  belong- 
ing to  every  period  of  the  earth's  history,  there  would  still  be 
enormous  deficiencies  in  the  palaeontological  record,  owing  to 
the  differences  in  the  facility  with  which  different  animals  may 
be  preserved  as  fossils.  This  subject  is  sufficiently  important 
to  render  it  advisable  to  consider  each  of  the  primary  groups 
of  the  animal  kingdom  separately  from  this  point  of  view  : — 

a,  Protozoa, — ^As  regards  the  sub-kingdom  of  the  Protozoa^ 
the  entire  classes  of  the  Gregarinida  and  Infusorian  Animal- 
cules^ from  their  absence  of  hard  parts,  must  ever  remain  un- 
represented in  a  fossil  condition.  One  or  two  of  the  latter, 
however,  possess  an  integumentary  covering  capable  under 
favourable  circumstances  of  being  preserved  in  rocks  of  recent 
age.  The  Monera  present  no  structures  capable  of  fossilisa- 
tion ;  and  the  same  may  be  said  of  the  Amabea,  though  one  or 
two  of  the  latter  have  a  carapace  which  might  possibly  be  pre- 
served. The  remaining  Rhizopodous  orders — viz.,  the  Fora- 
minifera^  Radiolaria^  and  Spongida — almost  invariably  develop 
hard  structures  of  lime  or  flint ;  and  all  these  orders,  therefore, 
have  lefl  abundant  traces  of  their  existence  in  past  time. 

b,  Coelenterata,  —  Amongst  the  Coelenterate  animals,  the 
Fresh-water  Polypes  {Hydra),  the  Oceanic  Hydrozoa,  the  Jelly- 
fishes  {Medtisid(B\  the  Sea -blubbers  {Lucernarida),  the  Sea- 
anemones  {Actinida),  and  the  Ctmophora  are  destitute  of  hard 
parts  which  could  be  preserved  as  fossils.  The  Sea-blubbers, 
however,  supply  us  with  an  instance  of  how  a  completely  soft- 
bodied  creature  may  leave  traces  of  its  past  existence;  for  there 
is  no  doubt  that  impressions  left  by  the  stranded  carcasses  of 
these  animals  have  been  detected  in  certain  fine-grained  rocks 
(the  Lithographic  Slate  of  Solenhofen).  On  the  other  hand, 
the  coralligenous  Zoophytes  or  "  corals"  (comprising  the  Zoan- 
tharia  sderodermata  and  sclerobasica^  and  most  of  the  Alcyonarid) 
possess  hard  parts  capable  of  preservation,  and  the  same  is  the 
case  with  most  of  the  Hydroid  Zoophytes.  Accordingly,  there 
are  few  more  abundant  fossils  than  corals ;  whilst  the  large  ex- 
tinct group  of  the  Graptoliies  is  generally  placed  in  the  vicinity 
of  the  Sea-firs  (Sertularians). 

c,  Annuloida, — In  this  sub-kingdom  the  great  class  of  the 
Echinodermata  may  be  said  to  be  represented  more  or  less 
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completely  by  all  its  orders.  In  the  Sea-cucumbers  {Holothur- 
oidea),  however,  the  calcareous  structures  so  characteristic  of 
the  integuments  of  the  other  Echinoderms  are  reduced  to  their 
minimum ;  and  accordingly  the  evidence  of  the  past  existence 
of  these  creatures  is  of  the  most  scanty  description.  The  other 
great  class  of  the  Annuloida  (viz.,  the  Scolecida)  comprises 
animal^  almost  without  exception  destitute  of  hard  parts,  and 
which  mostly  live  parasitically  in  the  interior  of  other  animals 
(e.g.^  the  Tape -worms,  Suctorial -worms,  Round -worms,  &c.) 
We  are  therefore  without  any  geological  evidence  of  the  former 
existence  of  Scolecida.^  though  no  doubt  can  be  reasonably 
entertained  but  that  the  group  dates  back  to  a  time  long  an- 
terior to  the  present  fauna. 

d,  Annulosa, — Many  of  the  lower  Annulose  animals,  such 
as  Leeches,  Earth-worms,  and  Errant  Annelides,  possess  no 
structures  by  which  we  could  expect  to  get  direct  evidence  of 
their  past  existence.  The  last  of  these,  however,  have  left 
ample  traces  of  their  former  presence  in  the  form  of  burrows 
or  ^'tracks"  upon  the  mud  and  sand  of  ancient  sea-bottoms; 
and  the  so-called  "  Tubicolar  "  Annelides  are  well  represented 
by  their  investing  tubes.  In  the  case  of  the  higher  Annulosa^ 
another  law  steps  in  to  regulate  their  comparative  abundance 
as  fossils.  Most,  in  fact  almost  all,  fossiliferous  formations 
have  been  deposited  in  water;  and  of  necessity,  therefore,  most 
fossils  are  the  remains  of  animals  whose  habits  are  naturally 
aquatic.  As  most  deposits,  further,  are  not  only  aqueous,  but 
are  also  marine,  most  fossils  are  those  of  sea -animals.  It 
follows,  therefore,  that  the  remains  of  air-breathing  animals, 
whether  these  be  terrestrial  or  aerial,  can  only  be  preserved  in 
an  accidental  manner,  so  to  speak ;  except  the  animal  inhabit 
water  (as  the  Cetaceans  do),  or  except  in  the  rare  instances  in 
which  old  land-surfaces  have  been  buried  up  by  sediment,  and 
thus  partially  kept  for  our  inspection.  Jn  accordance  with  this 
law,  the  most  important  and  abundant  fossil  Annulose  animals 
are  Crustaceans;  since  these  not  only  have  a  resisting  shell  or 
"  exoskeleton,"  but  are  also  generally  aquatic  in  their  habits. 
The  air-breathing  classes  of  the  Myriapoda  (Centipedes  and 
Millipedes),  the  Arachnida  (Spiders  and  Scorpions),  and  the 
Inseda  or  true  Insects,  on  the  other  hand,  have  been  much 
less  commonly  and  completely  preserved^  though  many  of 
them  are  perfectly  capable  of  being  fossilised.  Almost  all  such 
remains,  however,  as  we  have  of  these  three  great  classes,  are 
the  remains  of  isolated  individuals,  which  may  have  been 
accidentally  drowned ;  or  else  they  occur  in  hollow  trees,  or  in 
fragments  of  ancient  soils,  or  in  vegetable  accumulations  such 
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as  coal  and  peat.  There  is,  however,  a  considerable  number 
of  aquatic  insects  (but  exclusively  in  fresh  water),  and  there 
are  many  insects  the  larvae  of  which  inhabit  water,  whether 
this  be  fresh  or  salt ;  so  that  instances  of  these  occurring  as 
fossils  are. not  very  infrequent 

e,  MoUusca, — This  sub-kingdom  requires  little  notice,  since 
the  greater  number  of  its  members  possess  hard  structures 
capable  of  being  preserved  in  a  fossil  condition.  Thus,  the 
homy  or  calcareous  polypidoms  of  many  of  the  Folyzaa,  the 
shells  of  the  Brachiopods,  the  true  Bivalves,  and  most  of  the 
Gasteropoda^  the  internal  skeletons  of  the  Cuttle  -  fishes,  and 
the  chambered  shells  of  the  Tetrabranchiate  Cephalopods,  all 
occur  more  or  less  abundantly  as  fossils.  The  entire  class  of 
the  Tunicaries,  however,  presents  (with  one  or  two  exceptions) 
no  hard  structures,  and  is  hence  not  with  certainty  known  by 
any  fossil  representative.  Amongst  the  Gasteropoda^  again, 
the  Sea-slugs  and  their  allies  (Nudibranchiatd)  possess  no  shell, 
and  are  unknown  to  the  palaeontologist;  whilst  the  shell  of  the 
Land-slugs  is  extremely  minute,  and  has  not  been  certainly 
recognised  as  fossil  lastly,  the  air-breathing  terrestrial  Mol- 
luscs, from  their  habits,  rarely  occur  as  fossils ;  whilst  those 
which  inhabit  rivers,  ponds,  and  lakes  are  less  largely  repre- 
sented than  marine  forms,  owing  to  the  preponderance  of  salt- 
water deposits  over  those  of  fresh  water. 

f,  Vertebrata, — The  majority  of  Vetebrate  animals  possess  a 
bony  skeleton,  so  that  their  preservation  in  a  fossil  state — so 
far  as  this  point  is  concerned — is  attended  with  no  difficulty. 
Some  of  the  fishes,  however  (such  as  the  Lancelet,  the  Hag- 
fishes,  and  the  Lampreys),  have  no  scales,  and  either  possess  no 
"  endoskeleton "  or  have  one  which  is  almost  wholly  cartila- 
ginous. The  only  evidence,  therefore,  which  could  be  obtained 
of  the  past  existence  of  such  fishes  would  be  afforded  by  their 
teeth ;  but  these  are  wanting  in  the  Lancelet,  and  are  very 
small  in  the  Lampreys :  so  that  we  need  not  wonder  that  these 
fishes  are  unknown  as  fossils.  The  higher  groups  of  the  fishes, 
however,  taking  everything  into  consideration,  may  be  said  to 
be  abundantly  represented  in  a  fossil  condition  by  their  scales, 
bones,  teeth,  and  defensive  spines. 

The  Amphibians  are  tolerably  well  represented  by  their 
bones  and  teeth,  and,  as  regards  one  extinct  order,  by  integu- 
mentary plates  as  well.  They  have  also  left  many  traces  of 
their  existence  in  the  form  of  footprints.  Most  living  Amphi- 
bians, however,  frequent  fresh  waters,  or  spend  a  great  part  of 
their  time  upon  the  land ;  and  hence  their  remains  would  not 
be  apt  to  be  preserved  in  marine  deposits. 


IMPERFECTION   OF  PALiEONTOLOGICAL  RECORD.      3 1 

The  abundance  of  Reptiles  as  fossils  naturally  varies  much, 
according  to  the  habits  of  the  different  orders.  Of  the  living 
orders,  the  Chelonians  (Tortoises  and  Turtles)  are  by  no  means 
rare ;  since  many  of  them  are  habitual  denizens  of  fresh  water 
or  of  the  sea,  whilst  all  are  provided  with  a  hard  integumentary 
skeleton.  The  Snakes  are  mainly  represented  by  forms  which 
frequented  water,  and  especially  by  marine  forms.  The  Lizards 
{Lacertilia)  live  mainly  upon  the  land,  and  do  not  therefore 
abound  as  fossils ;  but  some  extinct  forms  (the  Mosasauroids) 
were  marine  in  their  habits,  and  have  consequently  been  pretty 
fully  preserved.  The  Crocodilia,  again,  are  so  essentially  aquatic 
in  their  habits,  that  their  comparative  frequency  in  aqueous 
deposits  is  no  matter  of  wonder,  especially  if  we  recollect  that 
many  of  the  extinct  members  of  this  order  seem  to  have  fre- 
quented the  sea  itself.  Of  the  extinct  orders  of  Reptiles,  the 
great  Ichthyosauri  and  the  Plesiosauri  and  their  allies  were 
marine  in  their  habits,  and  their  remains  occur  in  what  may 
fairly  be  called  profusion.  The  Flying  Reptiles,  or  Ptero- 
dactyUs^  would  not  seem  to  have  any  better  chance  of  being 
preserved  than  Birds,  if  as  good,  yet  their  remains  occur  by 
no  means  very  rarely  in  certain  formations.  The  terrestrial 
Deinosaurs  and  Dicynodants,  again,  come  very  much  under  the 
laws  which  regulate  the  preservation  of  Mammals  as  fossils ; 
and  their  remains  are  chiefly,  but  not  exclusively,  to  be  found 
in  fluviatile  deposits. 

As  regards  Birds,  their  powers  of  flight,  as  pointed  out  by 
Sir  Charles  Lyell,  would  save  them  from  many  destructive 
agencies,  and  the  lightness  of  their  bones  would  favour  the 
long  floating  of  the  body  in  water,  and  thus  increase  the 
chances  of  its  being  devoured  by  predaceous  animals.  In  ac- 
cordance with  these  considerations  the  most  abundant  remains 
of  Birds  are  referable  to  large  wingless  forms,  to  which  the 
power  of  saving  themselves  from  their  enemies  by  flight  was 
denied,  whilst  most  of  their  bones  were  filled  with  marrow  in- 
stead of  air.  Next  in  abundance  after  these  come  the  remains 
of  birds  which  frequent  the  sea-shore,  lakes,  estuaries,  or  rivers, 
or  which  delight  in  marshy  situations. 

Lastly,  as  regards  Mammals,  the  record  is  far  from  being  a 
full  one,  and  from  obvious  causes.  The  great  majority  of 
Mammals  live  on  land,  and  therefore  are  not  likely  to  be 
buried  in  aqueous,  and  especially  in  marine,  accumulations. 
That  this  cause  is  the  chief  one  which  has  operated  against  the 
frequent  preservation  of  Mammalian  remains  is  shown  by  the 
fact  that  when  we  exhume  an  old  land-surface,  the  remains  of 
Mammals  may  be  found  in  tolerable  plenty.      The  strictly 
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aquatic  Mammals — such  as  Whales,  Dolphins,  and  the  like — 
are,  of  course,  much  more  likely  to  have  been  preserved  as 
fossils  than  the  strictly  terrestrial  forms;  but  their  want  of 
integumentary  hard  structures  places  them  at  a  disadvantage 
in  this  respect  as  compared  with  fishes.  In  a  general  way,  we 
may  conclude  that  the  preservation  of  the  terrestrial  Mam- 
mals as  fossils  is  due  to  the  comparatively  rare  occurrence  of  a 
stray  individual  being  killed  whilst  swimming  a  river  or  some 
other  piece  of  water,  or  being  mired  in  a  bog,  or  to  the  bones 
of  one  that  had  died  on  land  being  washed  into  some  stream 
by  floods ;  but  there  are  other  cases  for  which  a  different  ex- 
planation must  be  sought 

(  II.  Unrepresented  Time. — In  the  second  place,  we  have 
seen  that  the  geological  record  is  very  imperfect,  and  this  of 
necessity  causes  vast  gaps  in  our  palasontological  knowledge. 
In  this  connection  we  may  briefly  consider  the  evidence  which 
we  possess  as  to  the  immensity  of  the  "unrepresented  time  " 
between  some  of  the  great  formations,  and  no  better  example 
can  be  chosen  than  that  of  the  Cretaceous  and  Eocene  Rocks. 
In  considering  such  a  case,  the  evidence  may  be  divided  into 
two  heads,  the  one  palaeontological,  the  other  purely  physical, 
and  each  may  be  looked  at  separately. 

The  Chalk,  as  is  well  known,  constitutes  in  Britain  the 
highest  member  of  the  Cretaceous  formation,  and  is  the  highest 
deposit  there  known  as  appertaining  to  the  great  Secondary  or 
Mesozoic  series.  It  is  directly  overlaid  in  various  places  by 
strata  of  Eocene  age,  which  form  the  base  of  the  great  Tertiary 
or  Kainozoic  series  of  rocks.  The  question,  then,  before  us  is 
this,  AVhat  evidence  have  we  as  to  the  lapse  of  time  repre- 
sented merely  by  the  dividing-line  between  the  highest  beds  of 
the  Chalk  and  the  lowest  beds  of  the  Eocene  ? 

Taking  the  palaeontological  evidence  first,  it  is  found  that 
out  of  five  hundred  species  of  fossils  known  in  the  Upper  Cre- 
taceous beds,  only  one  Brachiopod  and  a  few  Foraminifera 
have  hitherto  been  detected  in  the  immediately  overlying 
Eocene  beds.  These  latter,  on  the  contrary,  are  replete  with 
organic  remains  wholly  distinct  from  those  of  the  Cretaceous 
beds.  It  may  be  said,  therefore,  that  the  very  extensive  as- 
semblage of  animals  which  lived  in  the  later  Cretaceous  seas 
of  Britain  had  entirely  passed  away  and  become  a  thing  of  the 
past,  before  a  single  grain  of  the  Eocene  Rocks  had  been  de- 
posited. Now,  it  is  of  course  open  to  us  to  believe  that  the 
animals  of  the  Chalk  sea  were  suddenly  extinguished  by  some 
natural  agencies  unknown  to  us,  and  that  the  animals  of  the 
Eocene  sea  had  been  in  as  sudden  and  as  obscure  a  manner 
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introduced  en  masse  into  the  same  waters.  This  theory,  how- 
ever, calls  upon  the  stage  forces  of  which  we  know  nothing, 
and  is  contradicted  by  the  whole  tenor  of  the  operations  which 
we  see  going  on  around  us  at  the  present  day.  It  is  prefer- 
able, therefore,  to  believe  that  no  such  violent  processes  of 
destruction  and  re-peopling  took  place,  but  that  the  marked 
break  in  the  life  of  the  two  periods  indicates  an  enormous 
lapse  of  time.  The  Cretaceous  animals,  in  consequence  of  the 
elevation  of  the  British  area  at  the  close  of  the  Cretaceous 
period,  must  have  mostly  migrated,  some  doubtless  perishing, 
and  others  probably  becoming  modified  in  the  process.  When 
the  British  area  became  once  more  submerged  beneath  the 
sea,  and  became  again  a  fitting  home  for  marine  life,  an  immi- 
gration into  it  would  set  in  firom  neighbouring  seas.  By  this 
time,  however,  the  Cretaceous  animds  must  have  mostly  died 
out,  or  must  have  become  greatly  changed  in  their  characters ; 
and  the  new  immigrants  would  be  forms  characteristkr  of  the 
Lower  Eocene.  How  long  the  processes  here  described  may 
have  taken,  it  is  utterly  impossible  to  say,  even  approximately. 
Judging,  however,  from  what  we  can  observe  at  the  present 
day,  the  palaeontological  break  between  the  Chalk  and  the 
Eocene  indicates  a  perfectly  incalculable  lapse  of  time;  for 
all  species  change  or  die  out  slowly,  marine  species  especially 
so ;  and  we  have  here  the  disappearance  of  a  large  fauna  almost 
in  its  entirety,  and  its  replacement  by  another  wholly  distinct 
In  the  second  place,  to  come  to  the  physical  evidence,  the 
Eocene  strata  are  seen  to  rest  upon  an  eroded  and  denuded 
surface  of  Chalk,  filling  up  "pipes"  and  winding  hollows 
which  descend  far  below  the  general  surface  of  the  latter.  Not 
only  so,  but  the  base  of  the  Eocene  Rocks  is  commonly  com- 
posed of  a  bed  of  rolled  and  rounded  flints,  derived  from  the 
Chalk,  affording  incontestable  proof  that  the  Chalk  had  been 
greatly  worn  down  and  removed  by  denudation,  before  the 
Eocene  beds  were  deposited  upon  its  surface.  In  short,  the 
Eocene  Rocks  repose  "  unconformably  "  upon  the  Chalk,  and 
this,  as  is  well  known,  indicates  the  following  series  of  pheno- 
mena : — Firstly,  the  Chalk  was  deposited  in  horizontal  layers 
at  the  bottom  of  the  Cretaceous  sea.  Secondly,  at  some  wholly 
indefinite  time  after  its  deposition,  after  it  had  become  more 
or  less  consolidated,  the  Chalk  must  have  been  raised  by  a 
gradual  process  of  elevation  above  the  level  of  the  sea,  during 
which  it  would  inevitably  suffer  vast  denudation.  Thirdly, 
after  another  wholly  indefinite  period,  the  Chalk  was  again 
submerged  beneath  the  sea,  in  which  process  it  would  be  sub- 
jected to  still  fiirther  denudation,  and  an  approximately  level 

c 


34 


INTRODUCTION. 


surface  would  be  formed  upon  it  Fourthly,  strata  of  Eocene 
age  were  deposited  upon  the  denuded  surface  of  the  Chalk, 
filling  up  all  the  hollows  and  inequalities  of  its  eroded  sur- 
face (fig.  3). 


Fig^.  3. — Section  showing  strata  of  Tertiary  age  (mX  restine  upon  a  worn  and  denuded 
surface  of  White  Chalk  (i),  the  stratification  of  which  is  marked  by  lines  of  flints. 

In  the  unconforraability,  then,  between  the  Chalk  and  the 
Eocene  Rocks,  we  have  unequivocal  evidence — irrespective  of 
anything  that  we  learn  from  Palaeontology — that  the  break 
between  the  two  formations  was  one  of  enormous  length.  In 
Britain  the  interval  of  time  thus  indicated  is  not  represented 
by  any  deposits ;  and  in  Europe  generally  there  are  but  frag- 
mentary traces  of  such.  We  may  be  quite  sure,  however,  that 
during  the  time  represented  in  Britain  by  the  mere  line  of  un- 
conformability  between  the  Chalk  and  the  Eocene,  there  were 
somewhere  deposited  considerable  accumulations  of  sediment 
Whether  we  shall  ever  succeed  in  discovering  these,  or  any 
part  of  these,  is,  of  course,  uncertain.  We  may  be  certain, 
however,  that  such  deposits,  if  ever  discovered,  will  prove  to 
be  charged  with  the  remains  of  animals  more  or  less  inter- 
mediate in  character  between  those  of  the  Cretaceous  and  those 
of  the  Eocene  period ;  and  the  huge  gap  now  existing  between 
these  formations  will  thus  be  more  or  less  completely  bridged 
over. 

Amongst  other  well-known  instances  of  more  or  less  general 
unconformity  in  the  stratified  series,  may  be  mentioned  that 
between  the  Lower  and  Upper  Silurian  (not  always  present), 
that  between  the  Lower  and  Upper  Old  Red  Sandstone  (also 
not  universal),  that  between  the  Carboniferous  and  Permian 
Rocks,  that  between  the  Permian  and  Triassic  Rocks  (not 
universal),  and  that  between  the  Lower  and  Upper  Cretaceous 
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Rocks.  All  these  physical  breaks  are  accompanied  by  more 
or  less  extensive  palseontological  breaks  as  well.  Other  breaks 
which  are  rendered  less  important  by  the  absence  or  scarcity 
of  fossils,  or  which  are  as  yet  not  thoroughly  established,  are 
those  between  the  Lower  and  Upper  Laurentian  Rocks,  the 
Upper  Laurentian  and  Huronian,  and  the  Upper  Cambrian 
and  Lower  Silurian. 

•  It  may  not  be  out  of  place  to  point  out  that  the  unconforma- 
bilities  here  indicated  must  in  no  way  be  confounded  with  the 
common  cases  in  which  beds  of  one  age  rest  unconformably 
upon  beds  far  older  than  themselves.  When,  for  example,  we 
find  beds  of  Carboniferous  age  reposing  unconformably  upon 
Silurian  strata,  this  merely  indicates  that,  in  the  particular  lo- 
cality under  examination,  the  Devonian  or  Old  Red  Sandstone 
is  amissing.  This  absence  of  a  whole  formation  in  any  given 
region  merely  indicates  that  the  area  was  dry  land  during  the 
period  of  that  formation,  or  that  if  any  rocks  of  this  age  were 
deposited  in  this  locality,  they  were  removed  by  denudation 
before  the  higher  group  was  laid  down.  The  instances  above 
spoken  of,  as  where  the  Carboniferous  Rocks  are  succeeded 
unconformably  by  the  Permian,  though  essentially  of  the  same 
nature,  are  distinguished  by  an  important  point  In  the  former 
case  we  know  what  formation  is  wanting,  and  we  can  intercal- 
ate it  from  foreign  areas,  and  thus  complete  the  series.  In  the 
latter  case  we  have  two  successive  formations  in  unconformable 
junction,  and  we  are  not  acquainted  with  any  intermediate 
group  of  strata  which  could  be  intercalated  from  any  other 
locality. 

From  the  above  facts,  then,  we  learn  that  one  of  the  chief 
causes  of  the  imperfection  of  the  palasontological  record  is  to 
be  found  in  the  vast  spaces  of  time  which  separate  most  of  the 
great  "  formations,"  and  which,  so  far  as  we  yet  know,  are  not 
represented  by  any  formation  of  rock.  In  process  of  time  we 
shall  doubtless  succeed  in  finding  deposits  to  account  for  more 
or  less  of  this  "  unrepresented  time,"  but  much  will  ever  remain 
for  which  we  cannot  hope  to  find  the  representative  sediments. 
It  only  remains  to  add  that  we  have  ample  evidence  within  the 
limits  of  each  formation,  and  wholly  irrespective  of  any  want  of 
conformity,  of  such  lengthened  pauses  in  the  work  of  deposi- 
tion as  to  have  allowed  of  great  zoological  changes  in  the 
interim,  and  to  have  thus  caused  irremediable  blanks  in  the 
palseontological  record.  The  work  of  rock-deposition  is  at  best 
an  intermittent  process ;  the  changes  in  a  fauna,  if  slowly 
effected,  are  continuous.  Thus  there  are  scores  of  instances  in 
which  the  fauna  of  a  given  bed,  perhaps  but  a  few  inches  in 
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thickness,  differs  altogether  from  that  of  the  beds  imniediately 
above  and  below,  and  is  characterised  by  species  peculiar  to 
itself.  la  such  cases  we  can  only  suppose,  that  though  no 
physical  break  can  be  detected,  the  deposition  of  sediment  was 
interrupted  by  pauses  of  incalculable  length,  during  which  no 
additional  material  was  added  to  the  sea-bottom,  whilst  time 
was  allowed  for  the  dying  out  of  old  species  and  the  coming  in 
of  new.  The  incessant  repetition  of  such  intervals  of  unrepre- 
sented time  throughout  the  whole  stratified  series  is  convincing 
proof  that  the  palseontological  record  is,  and  ever  must  b^  a 
mere  excerpt  &om  the  biological  annals  of  the  globe. 

Ill,  Thinning  out  of  Beds. — Another  cause  by  which  the 
continuity  of  the  palEeontological  record  is  affected  is  what  is 
technically  called  the  "  thinning  out "  of  beds.  Owing  to  the 
mode  in  which  sedimentary  rocks  .are  produced,  it  is  certain 
that  there  must  be  for  every  bed  a  point  whence  the  largest 
amount  of  sediment  was  derived,  and  in  the  neighbourhood  of 
which  the  bed  will  therefore  be  thickest.  Thus,  if  we  take  a 
series  of  beds,  such  as  sandstones  and  conglomerates,  which 
are  the  product  of  littoral  action,  and  are  deposited  in  shallow 
water  near  a  coast-line,  it  will  be  found  that  these  gradually 
decrease  in  thickness,  or  "  thin  out,"  as  we  pass  away  from  the 
coast  in  the  direction  of  deep  ivater.  On  approaching  deep 
water,  however,  we  might  find  that,  though  the  sandstones 
were  rapidly  dying  out,  the  thickness  of  the  entire  series  might 
still  be  preserved,  owing  to  the  commencement  now  of  some 
deep-water  deposit,  such  as  limestone.     The  beds  of  limestone 
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would  at  first  be  very  thin,  but  tn  proceeding  still  in  the  direc- 
tion of  deeper  water,  we  should  find  that  they  would  gradually 
expand,  till  they  reached  a  point  of  maximum  thickness,  on 
the  other  side  of  which  they  would  gradually  thin  out.  Each 
individual  bed,  therefore,  in  any  group  of  stratified  rocks,  may 
be  regarded  as  an  unequal  mass,  thickest  in  the  centre,  and 
gradually  tapering  off  or  "thinning  out"  in  alt  directions  to- 
wards the  circumference  (fig.  4). 
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In  a  general  way  this  holds  good,  not  only  for  any  particular 
bed,  but  for  any  particular  aggr^ation  or  group  of  beds  which 
we  may  choose  to  take.  In  the  case,  namely,  of  every  group 
of  beds,  there  must  have  been  a  particular  point  whither  sedi- 
ment was  most  abundantly  conveyed,  or  where  the  other  con- 
ditions of  accumulation  were  especially  favourable.  At  this 
point,  therefore,  the  beds  are  thickest,  and  from  this  they  thin 
out  in  all  directions.  It  need  scarcely  be  pointed  out,  indeed, 
that  some  such  state  of  things  is  unavoidable  in  the  case  of 
every  bed  or  group  of  beds,  since  no  sea  is  boundless,  and 
the  sedimentary  deposits  of  every  ocean  must  come  to  an  end 
somewhere. 

An  excellent  example  of  the  phenomena  above  described 
may  be  derived  from  the  Lower  Carboniferous  Rocks  of 
Britain.  Here  we  may  start  in  South  Wales  and  in  Central 
England  with  the  Carboniferous  Limestone  as  a  great  calcare- 
ous mass  over  1000  feet  in  thickness,  and  almost  without  a 
single  intercalated  layer  of  shale.  Passing  northwards,  some 
of  the  beds  of  limestone  begin  to  thin  out,  and  their  place  is 
taken  by  strata  of  a  different  mineral  nature,  such  as  sandstone, 
grit,  or  shale.  The  result  of  this  is,  that  by  the  time  we  have 
followed  the  Carboniferous  Limestone  into  Yorkshire  and  West- 
moreland, in  place  of  a  single  great  mass  of  limestone,  we  have 
an  equivalent  mass  of  alternating  strata  of  limestone,  sandstone, 
grit,  and  shale,  with  one  or  two  thin  seams  of  coal — the  lime- 
stones, however,  still  bearing  a  considerable  proportion  to  the 
whole.  Passing  still  further  northwards,  the  limestones  go  on 
thinning  out,  till  in  Central  Scotland,  in  place  of  the  dense  cal- 
careous accumulations  of  Derbyshire,  the  Lower  Carboniferous 
series  consists  of  a  great  group  of  sandstones,  grits,  and  shales, 
with  thick  and  workable  beds  of  coal,  and  with  but  few  and 
comparatively  insignificant  beds  of  limestone. 

The  state  of  things  indicated  by  these  phenomena  is  as  fol- 
lows : — The  sea  in  which  the  Lower  Carboniferous  Rocks  of 
Britain  were  deposited  must  have  gradually  deepened  from  north 
to  south.  The  land  and  coast-line  whence  the  coarser  mechani- 
cal sediments  were  derived,  must  have  been  placed  somewhere 
to  the  north  of  Scotland,  and  the  deepest  part  of  the  ocean 
must  have  been  somewhere  about  Derbyshire.  Here  the  con- 
ditions for  lime-making  were  most  favourable,  and  here  conse- 
quently we  find  the  greatest  thickness  of  calcareous  strata,  and 
Uie  smallest  intermixture  of  mechanical  deposits. 

The  palaeontological  results  of  this  are  readily  deducible. 
The  entire  Lower  Carboniferous  series  of  Britain  was  probably 
deposited  in  a  single  ocean,  apparently  destitute  of  land-bar- 
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riers ;  and  consequently,  taken  as  a  whole,  the  fauna  of  this 
series  may  be  regarded  as  one  and  indivisible.  The  condi- 
tions, nevertheless,  which  obtained  in  different  parts  of  this 
area  were  very  different;  and,  as  a  necessary  result,  certain 
groups  of  animals  flourished  in  certain  localities,  and  were 
absent  or  but  scantily  represented  in  others.  In  the  deeper 
parts  of  the  area  we  have  an  abundance  of  Corals,  with  Crinoids, 
and  at  times  Foraminifera,  In  the  shallower  parts  of  the  area 
there  is,  on  the  other  hand,  a  predominance  of  forms  which 
affect  water  of  no  great  depth.  Still,  there  is  no  difference  in 
point  of  time  between  the  deposits  of  different  parts  of  the  area; 
and  in  order  to  obtain  a  true  notion  of  the  Lower  Carbonifer- 
ous fauna,  we  must  add  the  fossils  derived  from  one  portion  of 
the  area  to  those  derived  from  another. 

In  many  cases,  however,  we  are  acquainted  with  but  one 
class  of  deposits  belonging  to  a  given  period.  We  may  have 
the  deep-sea  deposits  of  the  period  only,  or  we  may  know  no- 
thing but  its  littoral  accumulations.  In  either  case  it  is  clear 
that  there  is  an  imperfection  of  the  palaeontological  record ; 
for  we  cannot  have  even  a  moderately  complete  record  of  the 
marine  animals  alone  of  a  particular  period,  unless  we  have 
access  to  a  complete  series  of  the  deposits  laid  down  in  the 
seas  of  that  period. 

IV.  Sudden  Extinction  of  Animals. — ^Whilst  there  can 
be  little  doubt  but  that  the  changes  in  animal  life  indicated  by 
Geology  were  in  the  main  gradually  effected,  there  still  remain 
cases  in  which  individuals  seem  to  have  been  suddenly  de- 
stroyed in  great  numbers,  and  others  of  a  more  obscure  nature 
in  which  allied  species  succeed  one  another  with  an  inexpli- 
cable rapidity.  As  an  example  of  the  first  class  of  cases,  we 
may  take  the  great  Marine  Reptiles  of  the  Lias,  which  often 
exhibit  indications  of  having  met  a  sudden  death,  whilst  they 
show  no  traces  of  mechanic^  injury.  It  has  been  suggested  by 
Sir  Charles  Lyell,  with  great  probability,  that  the  sudden  death 
of  marine  animals,  in  these  and  other  similar  cases,  might  have 
been  caused  by  the  sudden  "periodical  discharge  of  large 
bodies  of  turbid  fresh  water  into  the  sea." 

As  an  example  of  the  second  class  of  cases — which  more 
especially  bear  upon  the  present  question — we  may  take  the 
existence  in  the  Lias  of  zones  characterised  by  particular  species 
of  Ammonites.  These  zones  are  usually  of  small  thickness, 
and  the  Ammonite  characterising  each  is  usually  confined  to 
that  particular  horizon  ;  whilst  several  of  these  zones  have  been 
found  to  be  persistent  over  very  wide  areas.  As  we  know  of 
no  reason  why  one  species  of  Ammonite  should  flourish  where 
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another  allied  species  would  not,  we  cannot  at  present  account 
for  this  sudden  disappearance  of  one  species  and  its  seeming 
immediate  replacement  by  another.  We  may  be  sure,  however, 
that  we  have  here  an  imperfection  of  the  palaeontological  record, 
and  that  in  reality  any  two  zones  must  have  been  separated  by 
a  long  period,  in  which  one  species  became  extinct,  or  was  so 
far  modified  as  to  appear  as  a  new  species. 

V.  Disappearance  of  Fossils. — The  last  subject  which 
need  be  mentioned  in  connection  with  the  imperfection  of  the 
palaeontological  record  is  that  of  the  disappearance  of  fossils 
from  rocks  originally  fossiliferous.  This,  as  a  rule,  is  due  to 
"  metamorphism  " — that  is  to  say,  the  subjection  of  the  rock  to 
a  sufficient  amount  of  heat  to  cause  a  rearrangement  of  its 
particles.  When  of  at  all  a  pronounced  character,  the  result 
of  metamorphism  is  invariably  the  obliteration  of  any  fossils 
which  might  have  been  originally  present  in  the  rock.  To  this 
cause  must  be  set  down  many  great  gaps  in  the  palaeonto- 
logical record,  and  the  irreparable  loss  of  much  fossil  evidence. 
The  most  striking  example  which  is  to  be  found  of  this  is  the 
great  Laurentian  series,  which  comprises  some  30,000  feet  of 
highly  metamorphosed  sediments,  but  which,  with  one  not 
absolutely  certain  exception,  has  as  yet  yielded  no  remains  of 
life,  though  there  is  strong  evidence  of  the  former  existence  in 
it  of  fossils. 

Another  not  uncommon  cause  of  the  disappearance  of  organic 
remains  from  originally  fossiliferous  deposits  is  the  percolation 
through  them  of  water  holding  carbonic  acid  in  solution. 
By  this  means  fossils  of  a  calcareous  nature  are  dissolved  out 
of  the  rock,  and  may  leave  no  traces  behind.  This  cause, 
however,  can  only  operate  to  any  extent  in  more  or  less  loose 
and  porous  arenaceous  deposits. 

Lastly,  "  cleavage "  may  be  mentioned  as  a  common  cause 
of  the  disappearance  of  fossils.  The  cleavage,  however,  must 
be  very  intense,  if  it  actually  prevents  the  recognition  of  the 
deposit  as  one  in  which  fossils  formerly  existed,  though  cases 
are  not  uncommon  in  which  this  occurs  through  thousands  of 
feet  of  strata.  As  a  more  general  rule,  however,  it  is  not  very 
difficult  to  determine  whether  a  cleaved  rock  has  ever  con- 
tained fossils  or  not,  though  it  may  be  quite  impossible  to 
make  out  the  exact  nature  and  character  of  the  organic 
remains. 
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CHAPTER  V. 

CONCLUSIONS  TO  BE  DRAWN  FROM  FOSSILS. 

We  have  already  seen  that  geologists  have  been  led  by  the 
study  of  fossils  to  the  all-important  generalisation  that  the  vast 
series  of  the  Fossiliferous  or  Sedimentary  Rocks  maybe  divided 
into  a  number  of  definite  groups  or ''  formations,"  each  of  which 
is  characterised  by  its  organic  remains.  It  may  simply  be  re- 
peated here  that  these  formations  are  not  properly  and  strictly 
characterised  by  the  occurrence  in  them  of  any  one  particular 
fossil.  It  may  be  that  a  formation  contains  some  particular 
fossil,  or  fossils,  not  occurring  out  of  that  formation,  and  that 
in  this  way  an  observer  may  identify  a  given  group  with  toler- 
able certainty.  It  very  often  happens,  indeed,  that  some  parti- 
cular stratum,  or  sub-group  of  a  series,  contains  peculiar  fossils, 
by  which  its  existence  may  be  determined  in  various  localities. 
As  before  remarked,  however,  the  great  formations  are  charac- 
terised properly  by  the  association  of  certain  fossils,  by  the 
predominance  of  certain  families  or  orders,  or  by  an  assemblage 
of  fossil  remains  representing  the  "  life"  of  the  period  in  which 
the  formation  was  deposited. 

Fossils,  then,  enable  us  to  determine  the  age  of  the  deposits 
in  which  they  occur.  Fossils  further  enable  us  to  come  to  very 
important  conclusions  as  to  the  mode  in  which  the  fossiliferous 
bed  was  deposited,  and  thus  as  to  the  condition  of  the  parti- 
cular district  or  region  occupied  by  the  fossiliferous  bed  at  the 
time  of  the  formation  of  the  latter.  If,  in  the  first  place,  the 
bed  contain  the  remains  of  animals  such  as  now  inhabit  rivers, 
we  know  that  it  is  "  fiuviatile  "  in  its  origin,  and  that  it  must  at 
one  time  have  either  formed  an  actual  river-bed,  or  been  de- 
posited by  the  overflowing  of  an  ancient  stream.  Secondly,  if 
the  bed  contain  the  remains  of  shell-fish,  minute  crustaceans, 
or  fish,  such  as  now  inhabit  lakes,  we  know  that  it  is  '*  lacus- 
trine," and  was  deposited  beneath  the  waters  of  a  former  lake. 
Thirdly,  if  the  bed  contain  the  remains  of  animals  such  as  now 
people  the  ocean,  we  know  that  it  is  "  marine  "  in  its  origin, 
and  that  it  is  a  fragment  of  an  old  sea-bottom. 

We  can,  however,  often  determine  the  conditions  under 
which  a  bed  was  deposited  with  greater  accuracy  than  this. 
If,  for  example,  the  fossils  are  of  kinds  resembling  the  marine 
animals  now  inhabiting  shallow  waters,  if  they  are  accompanied 
by  the  detached  relics  of  terrestrial  organisms,  or  if  they  are 
partially  rolled  and  broken,  we  may  conclude  that  the  fossili- 
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ferous  deposit  was  laid  down  in  a  shallow  sea,  in  the  immediate 
vicinity  of  a  coast-line,  or  as  an  actual  shore-deposit.  If,  again, 
the  remains  are  those  of  animals  such  as  now  live  in  the  deeper 
parts  of  the  ocean,  and  there  is  a  very  sparing  intermixture  of 
extraneous  fossils  (such  as  the  bones  of  birds  or  quadrupeds, 
or  the  remains  of  plants),  we  may  presume  that  the  deposit  is 
one  of  deep  water.  In  other  cases,  we  may  find,  scattered 
through  the  rock,  and  still  in  their  natural  position,  the  valves 
of  shells  such  as  we  know  at  the  present  day  as  living  buried 
in  the  sand  or  mud  of  the  sea-shore  or  of  estuaries.  In  other 
cases,  the  bed  may  obviously  have  been  an  ancient  coral-reef, 
or  an  accumulation  of  social  shells,  like  Oysters.  Lastly,  if  we 
find  the  deposit  to  contain  the  remains  of  marine  shells,  but 
that  these  are  dwarfed  of  their  fair  proportions  and  distorted 
in  figure,  we  may  conclude  that  it  was  laid  down  in  a  brackish 
sea,  such  as  the  Baltic,  in  which  the  proper  saltness  was  want- 
ing, owing  to  its  receiving  an  excessive  supply  of  fresh  water. 

In  the  preceding,  we  have  been  dealing  simply  with  the 
remains  of  aquatic  animals,  and  we  have  seen  that  certain  con- 
clusions can  be  accurately  reached  by  an  examination  of  these. 
As  regards  the  determination  of  the  conditions  of  deposition 
from  the  remains  of  aerial  and  terrestrial  animals,  or  from 
plants,  there  is  not  such  an  absolute  certainty.  The  remains 
of  land-animals  would,  of  course,  occur  in  "  sub-aerial''  deposits 
— ^that  is,  in  beds,  like  blown  sand,  accumulated  upon  the  land. 
Most  of  the  remains  of  land-animals,  however,  are  found  in 
deposits  which  have  been  laid  down  in  water,  and  they  owe 
their  present  position  to  having  been  drowned  in  rivers  or 
lakes,  or  carried  out  to  sea  by  streams.  Birds,  Fl3dng  Reptiles, 
and  Flying  Mammals  might  also  similarly  find  their  way  into 
aqueous  deposits ;  but  it  is  to  be  remembered  that  many  birds 
and  mammals  habitually  spend  a  great  part  of  their  time  in  the 
water,  and  that  these  might  therefore  be  natm-ally  expected  to 
present  themselves  as  fossils  in  Sedimentary  Rocks.  Plants, 
again,  even  when  undoubtedly  such  as  must  have  grown  on 
l^d,  do  not  prove  that  the  bed  in  which  they  occur  was 
formed  on  land.  Many  of  the  remains  of  plants  known  to 
us  are  extraneous  to  the  bed  in  which  they  are  now  found, 
having  reached  their  present  site  by  falling  into  lakes  or  rivers, 
or  being  carried  out  to  sea  by  floods  or  gales  of  wind.  There 
are,  however,  many  cases  in  which  plants  have  undoubt- 
edly grown  on  the  very  spot  where  we  now  find  them.  Thus 
it  is  now  generally  admitted  that  the  great  coal-fields  of  the 
Carboniferous  age  are  the  result  of  the  growth  in  situ  of  the 
plants  which  compose  coal,  and  that  these  grew  on  vast 
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marsh}'  or  paitially  submei^ed  tracts  of  level  alluvial  land. 
We  have,  however,  distinct  evidence  of  old  land-surfaces,  both 
in  the  Coal-measures  and  in 
other  cases  (as,  for  instance, 
in  the  well-known  "  dirt-bed" 
of  the  Purbeck  series).  When, 
for  example,  we  find  the  erect 
stumps  of  trees  standing  at 
right  angles  to  the  surround- 
ing strata,  we  know  that  the 
surface  through  which  these 
send  their  roots  was  at  one 
time  the  surface  of  the  diy 
land,  or,  in  other  words,  was 
an  ancient  soil  (fig.  5). 

Conclusions  as  to  Cli- 
mate.— In  many  cases  fossils 
enable  us  to  come  to  impor- 
tant conclusions-  as  to  the 
climate  of  the  period  in  which 
they  lived,  but  only  a  few  in- 
stances of  this  can  be  here 
adduced.  As  fossils  in  the 
majority  of  instances  are  the 
aiu^liii"  remains  of  marine  animals,  it 
is  mostly  the  temperature  of 
the  sea  which  can  alone  be  determined  in  this  way ;  and  it  is 
important  to  remember  that,  owing  to  the  existence  of  heated 
currents,  the  marine  climate  of  a  given  area  does  not  neces- 
sarily imply  a  correspondingly  warm  climate  in  the  neighbour- 
ing land.  Land-climates  can  only  be  determined  by  the 
remains  of  land-animals  or  land-plants,  and  these  are  com- 
paratively rare  as  fossils.  It  is  also  important  to  remember 
that  all  conclusions  on  this  head  are  really  based  upon  the 
present  distribution  of  animal  and  vegetable  life  on  the  globe, 
and  are  therefore  liable  to  be  vitiated  by  the  following 
considerations : — 

a.  Most  fossils  are  extinct,  and  it  is  not  certain  that  the 
habits  and  requirements  of  any  extinct  animal  were  exactly 
similar  to,  or  even  at  all  resembling,  those  of  its  nearest  living 
relative. 

6.  When  we  get  very  far  back  in  time,  we  meet  with  groups 
of  organisms  so  unlike  anything  we  know  at  the  present  day  as 
to  render  all  conjectures  as  to  climate  founded  upon  their  sup- 
posed habits  more  or  less  uncertain  and  unsafe. 
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c.  In  the  case  of  marine  animals,  we  are  as  yet  very  far  from 
knowing  the  exact  limits  of  distribution  of  many  species  within 
our  present  seas ;  so  that  conclusions  drawn  from  living  forms 
as  to  extinct  species  are  apt  to  prove  incorrect.  For  instance, 
it  has  recently  been  shown  that  many  shells  formerly  believed 
to  be  confined  to  the  Arctic  Seas  have,  by  reason  of  the  ex- 
tension of  Polar  currents,  a  wide  range  to  the  south ;  and  this 
has  thrown  doubt  upon  the  conclusions  drawn  from  fossil 
shells  as  to  the  Arctic  conditions  under  which  certain  beds 
were  supposed  to  have  been  deposited. 

d.  The  distribution  of  animals  at  the  present  day  is  certainly 
dependent  upon  other  conditions  beside  climate  alone;  and 
the  causes  which  now  limit  the  range  of  given  animals  are 
certainly  such  as  belong  to  the  existing  order  of  things.  But 
the  establishment  of  the  present  order  of  things  does  not  date 
back  in  many  cases  to  the  introduction  of  the  present  species 
of  animals.  Even  in  the  case,  therefore,  of  existing  species  of 
animals,  it  can  often  be  shown  that  the  past  distribution  of  the 
species  was  different  formerly  to  what  it  is  now,  not  necessarily 
because  the  cHmate  has  changed,  but  because  of  the  alteration 
of  other  conditions  essential  to  the  life  of  the  species  or  con- 
ducing to  its  extension. 

Still,  we  are  in  many  cases  able  to  draw  completely  reliable 
conclusions  as  to  the  climate  of  a  given  geological  period,  by 
an  examination  of  the  fossils  belonging  to  that  period.  Among 
the  more  striking  examples  of  how  the  past  climate  of  a  region 
may  be  deduced  from  the  study  of  the  organic  remains  con- 
tained in  its  rocks,  the  following  may  be  mentioned :  It  has 
been  shown  that  in  Eocene  times,  or  at  the  commencement 
of  the  Tertiary  period,  the  climate  of  what  is  now  Western 
Europe  was  of  a  tropical  or  sub-tropical  character.  Thus  the 
Eocene  beds  are  found  to  contain  the  remains  of  shells  such 
as  now  inhabit  tropical  seas,  as,  for  example.  Cowries  and 
Volutes;  and  with  these  are  the  fruits  of  palms,  and  the 
remains  of  other  tropical  plants.  It  has  been  shown,  again, 
that  in  Miocene  times,  or  about  the  middle  of  the  Tertiary 
period,  Central  Europe  was  peopled  with  a  luxuriant  flora 
resembling  that  of  the  warmer  parts  of  the  United  States,  and 
leading  to  the  conclusion  that  the  mean  annual  temperature 
must  have  been  at  least  30**  hotter  than  it  is  at  present  It 
has  been  shown  that,  at  the  same  time,  Greenland,  now  buried 
beneath  a  vast  ice-shroud,  was  warm  enough  to  support  a  large 
number  of  trees,  shrubs,  and  other  plants,  such  as  inhabit  the 
temperate  regions  of  the  globe.  Lastly,  it  has  been  shown, 
upon  physical  as  well  as  palaeontological  evidence,  that  the 
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greater  pait  of  the  North  Temperate  Zone,  at  a  comparatively 
recent  geological  period,  has  been  visited  with  all  the  rigours 
of  an  Arctic  climate,  resembling  that  of  Greenland  at  tlie  pre- 
sent day.  This  is  indicated  by  the  occurrence  of  Arctic  shells 
in  the  superficial  deposits  of  this  period,  whilst  the  Musk-ox 
and  the  Reindeer  roamed  far  south  of  their  present  limits. 


CHAPTER  VI. 


DIVISIONS  OF  THE  ANIMAL  KINGDOM,  AND 
SUCCESSION  OF  ORGANIC  TYPES. 

It  seems  hardly  necessary  to  remark  that  Palaeontology,  as 
a  science,  is  based  upon  the  kindred  sciences  of  Zoology  and 
Botany,  and  that  no  satisfactory  acquaintance  with  the  former 
can  be  arrived  at  without  the  previous  acquisition  of  some 
knowledge  of  the  latter.  It  cannot  be  pretended  to  teach  here 
even  the  rudiments  of  these  sciences,  but  there  are  a  few  points 
which  may  be  noticed  as  having  a  special  bearing  upon  the 
study  of  Palaeontology. 

Classification  of  the  Animal  Kingdom. — Leaving  the 
vegetable  kingdom  till  we  come  to  speak  of  fossil  plants,  a 
few  remarks  may  be  made  on  the  classification  of  the  animal 
kingdom.  Vast  as  is  the  number  of  known  animals,  all, 
whether  living  or  extinct,  may  be  classed  under  some  five  or 
six  primary  divisions  or  "morphological  types,"  which  are 
technically  spoken  of  as  the  "  sub-kingdoms."  All  the  animals 
in  any  one  sub-kingdom  agree  with  one  another  in  their 
structural  type,  or  in  the  fundamental  plan  upon  which  they 
are  constructed ;  and  they  diflfer  from  one  another  simply  in 
the  modifications  of  this  common  plan.  No  comparison, 
therefore,  is  possible  between  an  animal  belonging  to  one  sub- 
kingdom,  and  one  belonging  to  another,  since  their  distinguish- 
ing characters  are  the  result  of  the  modification  of  two  essen- 
tially different  ground-plans.  Hence,  it  is  possible  to  arrange 
the  animals  of  any  one  sub-kingdom  in  something  like  a  linear 
series,  in  which  the  lowest  of  the  series  most  closely  approaches 
the  primitive  or  ideal  form  of  the  sub-kingdom,  whilst  the 
highest  exhibits  the  greatest  amount  of  complexity  and  special- 
isation of  this  type.  But  it  is  not  possible  to  establish  any 
such  linear  classification  for  the  animal  kingdom  as  a  whole. 
Given  an  animal  of  a  lower  "sub-kingdom"  than  another 
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animal,  no  amount  of  complexity,  no  specialisation  of  organis- 
ation, can  raise  the  former  above  the  latter.  The  one  may  be 
the  result  of  the  high  evolution  of  a  low  morphological  type, 
the  other  may  be  the  result  of  the  low  evolution  of  a  higher 
morphological  type,  but  the  superiority  of  the  ground-plan 
gives  the  latter  the  higher  place.  We  must  therefore  abandon 
the  idea  that  it  is  possible  to  establish  a  linear  classification  of 
the  animal  kingdom. 

The  following  synoptical  table  gives  briefly  the  leading 
divisions  of  the  animal  kingdom,  and  the  chief  characters  of 
these : — 

TABULAR  VIEW  OF  THE  CHIEF  DIVISIONS  OF  THE 

ANIMAL  KINGDOM. 

INVERTEBRATE   ANIMALS. 

SUB-KINGDOM  I.—PROTOZOA, 

Animal  simple  or  forming  colonies,  usually  very  minute  ;  the  body  com- 
posed of  the  structureless,  jelly-like,  albuminous  substance  called  *'sar- 
code ; "  not  divided  into  regular  segments ;  having  no  nervous  system  ;  no 
regular  circulatory  system  ;  usually  no  mouth ;  no  definite  body-cavity  or 
digestive  system,  or  at  most  but  a  short  gullet. 

Class  A.  GREGARiNiDiC — Minute  Protozoa  -which  inhabit  the  interior 
of  insects  and  other  animals,  and  which  have  not  the  power  of  throwing 
out  prolongations  of  their  substance  (pseudopodia).     No  mouth. 

Class  B.  Rhizopoda  (Root-footed  Protozoa). — Protozoa  which  are 
simple  or  compound,  and  have  the  power  of  throwing  out  and  retracting 
prolongations  of  the  body-substance  (the  so-called  *' pseudopodia").  No 
mouth,  in  most,  if  not  in  all. 

Order  i.  Monera. — Ex,  Protogenes. 

Order  2.  Amcebea, — Ex,  Proteus  Animalcule  (Amoeba). 

Order  3.  Foraminifera, — Ex,  Lagena,  Nodosaria,  Globigerina. 

Order  4.  Radiolaria, — Ex.  ThalassicoUa,  Polycystina. 

Order  5.  Spongida. — Ex.  Fresh-water  Sponge  (Spongilla),  Vcnus's 
Flower-Basket  (Euplectella). 

Class  C.  Infusoria  (Infusorian  Animalcules). — Protozoa  with  a  mouth 
and  short  gullet ;  destitute  of  the  power  of  emitting  pseudopodia  ;  furnished 
with  vibratile  cilia  or  contractile  filaments ;  the  body  usually  composed  of 
three  distinct  layers. 

Order  I.  Ciliata. — Ex,  Bell-animalcule  (Vorticella),  Paramoecium. 

Order  2.  FlagellcUa, — Ex.  Peranema. 

Order  3.  Suctoria. — Ex,  Podophyra. 

SUB-KINcbOM  II.—CCELENTERA  TA. 

Animals  whose  alimentary  canal  communicates  freely  with  the  general 
cavity  of  the  body ;  body  composed  essentially  of  two  layers  or  membranes, 
an  outer  layer  or  "ectoderm,**  and  an  inner  layer  or  "endoderm.*'  No 
circuldtory  sjrstem  or  heart,  and  in  most  no  nervous  system.  Skin  fur- 
nished with  minute  stinging  organs  or  "thread-cells.*'  Distinct  reproduc- 
tive organs  in  all. 

Class  A.  HYDROZOAk — Walls  of  the  digestive  sac  not  separated  from 
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those  of  the  general  body-cavity,  the  two  coinciding  with  one  another. 
Reproductive  organs  external, 
dub-class  I.  Hydroida  (Hydroid  Zoophytes). 

Order  i.  Hydrida, — Ex,  Fresh-water  Polype  (Hydra). 
Order  2.  Corynida. — Ex,  Pipe-coralline  (Tubularia). 
Order  3.  Se^ularida. — Ex.  Sea-firs  (Sertularia). 
Sub-class  II.  SiPHONOPHORA  (Oceanic  Hydrozoa). 
Order  4.  Calycophorida, — Ex,  Diphyes. 

Order  5.  Physophorida, — Ex,  Portuguese  Man-of-War  (Physalia). 
Sub-class  III.  DiscoPHORA  (Jelly-fish). 

Order  6.  Medusida — Ex.  Trachynema. 
Sub-class  IV.  LUCERNARIDA  (Sea-blubbers). 
Order  7.  Lucemarida.^^Ex,  Lucemaria. 
Order  8.  Peiagida.—Ex.  Pehigia. 
Order  9.  Rhizostomida, — Ex,  Khizostoma. 
Sub-class  V.  GRAPTOLiTiDiE  (extinct). 

Class  R  Actinozoa. — Stomach  opening  below  into  the  body-cavity, 
which  is  divided  into  a  number  of  compartments  by  a  series  of  vertical  par- 
titions or  "  mesenteries."     Reprodactive  organs  internal. 

Order  I.  Zoantharia, — Tentacles  simply  rounded,  in  multiples  of 
five  or  six. — Ex,  Sea- Anemones  (Actinidae),  Star- 
corals  (Astrseidae),  Brain-corals  (Meandrina),  Madre- 
pores (Madreporidse). 
Order  2.  Alcyonaria. — ^Tentacles  fringed,  in  multiples  of  four. — 
Ex,  Dead-man*s-toes  (Alcyonium),  Organ-pipe  Coral 
(Tubipora),  Sea-rods  (Virgularia),  Sea-pens  (Penna- 
tula).  Red  Coral  (Corallium). 
Order  3.  Rugosa  (extinct). 

Order  4.  Ctenophora, — Animal  oceanic,  swimming  by  means  of 
bands  of  cilia  or  **  ctenophores."— ^x.  Pleurobrachia, 
Venus's  Girdle  (Cestum). 

SUB-KINGDOM  III.—ANNULOIDA. 

Animals  in  which  the  alimentary  canal  is  completelv  shut  off  from  the 
general  cavity  of  the  body,  and  in  which  there  is  a  distmct  nervous  S3rstem. 
A  true  blood-circulatory  system  may  or  may  not  be  present.  In  all  there 
is  a  peculiar  system  of  canals,  which  usually  communicate  with  the  exterior, 
and  which  constitute  what  is  called  the  '* water- vascular  system."  The 
body  of  the  adult  is  never  composed  of  a  succession  of  definite  rings,  or  pro- 
vided with  successive  pairs  of  appendages  disposed  symmetrically  on  the 
two  sides  of  the  body. 
The  Annuloida  are  divided  into  two  great  classes : 
A.  EcHiNODERMATA. — Integument  composed  of  numerous  calcareous 
plates  joined  together,  or  leathery  and  havmg  grains,  spines,  or  tubercles 
of  calcareous  matter  developed  in  it.  Water-vascular  system  (ambulacral 
system)  mostly  employed  in  locomotion,  and  generally  communicating  with 
the  exterior.  Adiut  generally  more  or  less  starlike  or  "radiate  "  in  shape ; 
young  mostly  shotting  more  or  less  complete  "  bilateral  S3anmetry,"  that  is, 
showing  similar  parts  on  the  two  sides  of  the  body.  Nervous  system 
radiate. 

Order  i.  Crinoidea  (Sea-lilies).— -£>.  Feather-star  (Comatula),  Me- 
dusa-head Crinoid  (Pentacrinus),   Stone-lily  (Encri- 
nus.) 
Order  2.  Blastaidea  (extinct). 
Order  3.  Cystoidea  (extinct). 


CHIEF  DIVISIONS  OF  THE  ANIMAL  KINGDOM.     47 

Order  4.  OphiurokUa   (Brittle-stars). — Ex.    Sand-stars    (Ophiura), 

Brittle-stars  (Ophiocoma). 
Order  5.  Asieroidea  (Star-fishes). — Ex.  Cross-fUh  (Uraster),  Sun- 
star  (Solaster)y  Cushion-star  (Goniaster). 
Order  6.  Echinoidea    (Sea-urchins). — Ex,    Sea -eggs    (Echinus), 

Heart-urchins  (Spatangus). 
Order  7.  Holothuroidea   (Sea-cucumbers). — Ex,  Trepangs    (Holo- 

thuria). 
B.  SCOLECIDA. — Body  usually  flattened,  or  cylindrical  and  worm-like  ; 
integument  soft,  without  lime.      Water-vascular  system  not  assisting  in 
locomotion.      Nervous  system  consisting  of  one  or  two  ganglia  or  Uttle 
masses,  and  not  disposed  in  a  radiate  manner. 

Order  i.   Taniada. — Ex,  Tape-worm  (Taenia). 

Order  2.   Trematoda    (Suctonal  worms).  — Ex.   Liver-fluke    (Dis- 

toma). 
Order  3.   TurbeUaria.-^Ex,   Planarians  (Planaria),  Ribbon-worms 

(Nemertes). 
Order  4.  Acanthocephala   (Thorn-headed    worms). — Ex.    Echino- 

rhyncnus. 
Order  5.  Gcrdictcea  (Hair-worms). — Ex,  Gordius. 
Order  6.  Nematoda  (Thread- worms). — Ex.  Round-worm  (Ascaris), 

Guinea-worm  (Filaria),  Vinegar-eel  (Anguillula) . 
Order  7.  Rotiftra  (Wheel-animalcules).  —  Ex,   Builder-animalcule 

(Melicerta),  Flexible  Creeper  (Notonmiata). 

SUB-KINGDOM  IV.^ANNULOSA, 

Animal  composed  of  numerous  definite  segments  or  *'  somites,"  arranged 
longitudinally,  one  behind  the  other.  Nervous  system  always  present,  con- 
sisting typically  of  a  double  chain  of  nervous  masses,  or  ganglia,  which  are 
placed  along  the  lower  sur&ce  of  the  body,  and  form  a  collar  around  the 
gullet.  Limbs  (when  present)  turned  toward  that  side  of  the  body  on 
which  the  main  masses  of  the  nervous  system  are  situated. 

Division  A.  Anarthropoda. — Locomotive  appendages,  when   pre- 
sent, not  distinctly  jointed  or  articulated  to  the  body. 
Class  I.  Gephyrea. — Ex,  Spoon- worms  (Sipunculus). 
Class  II.  Annelida  (Ringed- worms). 

Order  i.  Hirttdinea, — Ex,  Leeches  (Sanguisusa,  Hirudo). 
Order  2.  Oligochaia,  —  Ex,    Earth  -  worms    (Lumbricus),    Water- 
worms  (Nais). 
Order  3.   Tubicola, — Ex,  Tube-worms  (Serpula). 
Order  4.  Errantia, — Ex.  Sand-worms  and  Sea-centipedes  (Nereis), 
Lob-worm  (Arenicola),  Sea-mouse  (Apnrodite). 
Class  III.  CHiCroGNATHA  (Arrow-worms). — Ex,  Sa^tta. 
Division  B.  Arthropoda. — ^Locomotive  appendages  jointed  or  articu- 
lated to  the  body. 

Class  I.  Crustacea. — Respiration  aquatic,  mostly  by  gills.  Two 
pairs  of  antennae.  Limbs  more  than  four  pairs  in  number,  earned  upon  the 
thorax,  and  generally  the  abdomen  also. 

Order  i.  Ichthyophthira. — Ex,  Lemsea. 

Order  2.  Rhizocephaia. — Ex.  Peltogaster. 

Order  3.  Cirripedia,—Ex.  Barnacles  (Lepas),   Acorn-shells    (Bal- 

anus). 
Order  4.  Ostracoda, — Ex,  Water-fleas  (Cypris). 
Order  k,  Copepoda, — Ex,  Cyclops. 
Order  o.  Cladocera, — Ex.  Brandied-homed  Water-fleas  (Daphnia). 
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Order    7.  Phyllopoda, — Ex,  Brine-shrimp  (Artemia). 

Order    8.   Trilobita  (Extinct). 

Order    9.  Merostomata, — Ex,  King-crabs  (Limulus). 

Order  lO.  Lamodipoda, — Ex,  Whale-louse  (Cyamus). 

Order  1 1.  Isopoda, — Ex,  Wood-lice  (Oniscus),  Slaters  (Ligia). 

Order  12.  Atnphipoda, — Ex,    Sandhopper  (Talitrus),  Fresh- water 

Shrimp  (Gammarus). 
Order  13.  Stomapoda, — Ex,  Locust-shrimp  (Squilla). 
Order  14.  Decapoda, — Ex.  Lobster  (Homarus),  Cray-fish  (Astacus), 
Shrimps  (Crangon) ;  Hermit-crabs  (Pagurus) ;  Crabs 
(Cancer,  Carcinus),  Land-crabs  (Gecarcinus). 
Class  II.  Arachnida. — Respiration  aerial,  by  pulmonaty  chambers  or 
air-tubes  (tracheae)  in  the  higher  forms.     Antennae  converted  into  jaws. 
Head  and  thorax  amalgamated.     Four  pairs  of  legs.     Abdomen  without 
limbs. 

Order  i.  Podosomata  (Sea>spiders). — Ex,  Pycnogonum. 

Order  2.  Monomerosomaia. — Ex.  Mites  (Acarus),  Water-mites  (Hy- 

drachna),  Ticks  (Ixodes). 
Order  3.  Adelarihrosomata,  —  Ex,    Harvest-spiders  (Phalangidse), 

Book-scorpions  (Chelifer). 
Order  4.  Pedipalpi, — Ex.  Scorpions  (Scorpio). 
Order  5.  Aranada, — Ex,  House-spiders  (Tegenaria),  Field-spiders 
(Epeira). 
Class  III.  Myriapoda. — Respiration  aerial,  by  tracheae  (air-tubes)  or 
by  the  skin.     Head  distinct ;  remainder  of  body  composed  of  nearly  simi- 
lar segments.     Legs  more  than  eight  pairs  in  number,  and  borne  partly 
upon  the  abdomen.     One  pair  of  antennae. 

Order  i.  Chilopoda. — Ex.  Centipedes  (Scolopendra). 
Order  2.   Chilognatha. — Ex.  Millipedes  (lulus). 
Order  3.  Pauropoda, — Ex,  Pauropus. 
Class  IV.  Insect  a.— Respiration  aerial,  by  tracheae.     Head,  thorax, 
and  abdomen  distinct.     One  pair  of  antennae.     Three  pairs  of  legs,  and 
generally  two  pairs  of  wings  on  the  thorax.     No  locomotive  limbs  on  the 
abdomen. 

Order    i.  Anoplura, — Ex,  Lice  (Pediculus). 

Order    2.  McUhphaga  (Bird-lice). 

Order    3.   Thysanura  (Springtails). 

Order    4.  Hemiptera. — Ex,  Plant-lice  (Aphides),  Field-bug  (Pen- 

tatoma),  Cochineal  Insects  (Coccus). 
Order    5.  Orthoptera. — Ex.    Locusts    (Acrydium),    Grass-hoppers 

(Gryllus),  Crickets  (Achetina),  Cockroach  (Blatta). 
Order    6.  Neuroptera. — Ex.  White  Ants   (Termes),    Dragon-flies 

(Libellulidae),  May-flies  (Ephemeridae). 
Order    7.  Aphaniptera. — Ex.  Fleas  (Pulex). 
Order    8.  Diptera, — Ex.   Gnats   (Culex),    Crane-flies    (Tipula), 

House-flies  and  Flesh-flies  (Musca). 
Order    9.  Lepidoptera  (Butterflies  and  Moths). 
Order  10.  Hymenoptera. — Ex.  Bees  (Apidae),  Humble-bees  (Bom- 
bidae).  Wasps  (Vespidae),  Ants  (Formicidae),  Saw-flies, 
(Tenthredinidae). 
Order  ii.  Strepsiptera. — Ex.  Sty  lops. 
Order  12.   Coleoptera  (Beetles). 

SUB-KINGDOM  V.^MOLLUSCA. 
Animal  soft-bodied,  generally  with  a  hard  covering  or  shelL     Nervous 
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system  consisting  of  a  single  ganglion  or  of  scattered  pairs  of  ganglia.     A 
distinct  heart  and  breathing-organ,  or  neither. 

The  Mollusca  may  be  divided  into  the  two  following  primary  divisions, 
containing  the  following  classes : — 

A.  MoLLUSCOiDA. — Nervous  system  consisting  of  a  single  ganglion  or  of 
a  principal  pair  of  ganglia.     No  heart,  or  an  imperfect  one. 

Class  I.  Polyzoa. — Animal  always  forming  compound  growths  or 
colonies.  No  heart.  The  mouth  of  eacn  zooid  surrounded 
by  a  circle  or  crescent  of  ciliated  tentacles. — Ex,  Sea- 
mats  (Flustra),  Lace-coral  (Fenestella). 

Class  II.  Tunicata. — Animal  simple  or  compound,  enclosed  in  a 
leathery  or  gristly  case.  An  imperfect  heart. — Ex.  Sea- 
squirts  (Ascidia). 

Class  HI.  Brachiopoda. — Animal  always  simple  ;  the  body  enclosed 
in  a  bivalve  shell.  Mouth  furnished  with  two  long  fringed 
processes  or  "arms." — Ex,  Lamp-shells  (Terebratula). 

B.  Mollusca  Proper. — ^Nervous  system  consisting  of  three  principal 
pairs  of  ganglia.    Heart  well  developed,  consisting  of  at  least  two  chambers. 

Class  IV.  Lamellibranchiata  (Bivalve  Shell -fish). — No  distinct 
head  ;  no  teeth.  Body  enclosed  in  a  shell  which  is  '*  bi- 
valve," or  composed  of  two  distinct  pieces.  One  or  two 
leaf-like  gills  on  each  side  of  the  body. — Ex,  Oyster 
(Ostrea),  Scallop  (Pecten),  Mussel  (Mytilus). 

Class  V.  Gasteropoda. — A  distinct  head  and  toothed  tongue.  Shell 
absent  in  some,  but  mostly  present,  and  ustially  consisting 
of  a  single  piece  ("univalve").  Locomotion  effected  by 
creeping;  about  on  the  flattened  under  surface  of  the  body 
("  foot  ),  or  by  swimming  by  means  of  a  fin-like  modifi- 
cation of  the  same. — Ex,  Whelks  (Bucdnimi),  Limpets 
(Patella),  Sea-lemons  (Doris),  Land-snails  (Helix),  Slugs 
(Limax). 

Class  VI.  Pteropoda. — Animal  oceanic,  swimming  by  means  of  two 
wing-like  appendages,  one  on  each  side  of  the  head.  Size 
minute. — Ex.  Cleodora. 

Class  VII.  Cephalopoda. — Animal  with  eight  or  more  arms,  placed 
in  a  circle  round  the  mouth.  Mouth  armed  with  jaws,  and 
and  a  toothed  tongue.  Two  or  four  plume-like  gills.  In 
front  of  the  body,  a  muscular  tube  ("  fiinnel ")  through 
which  is  expelled  the  water  which  has  been  used  in  respira- 
tion. An  external  shell  in  some,  an  internal  skeleton  in 
others.— ^JT.  Calamaries  (Loligo),  Cuttle-fishes  or  Poulpes 
(Octopus),  Paper-Nautilus  (Aigonauta),  Pearly  Nautilus 
(Nautilus). 
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SUB  -  KINGDOM  VI.  —  VER  TEBRA  TA . 

Body  composed  of  a  number  of  definite  segments  arranged  longitudinally, 
or  one  behind  the  other.  The  main  masses  of  the  nervous  system  are 
placed  on  the  dorsal  aspect  of  the  body,  and  are  completely  shut  off  from 
the  general  body-cavity.  The  limbs  (when  present)  are  turned  away  from 
that  side  of  the  body  on  which  the  main  nervous  masses  are  situated,  and 
are  never  more  than  four  in  number.  In  most  cases  a  backbone,  or 
"  vertebral  column,"  is  present  in  the  fully-grown  animal 
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Class  I.  Pisces  (Fishes). — Breathing-organs  in  the  form  of  gills.  Heart 
usually  of  two  chambers,  rarely  of  three.  Blood  cold.  Limbs,  when  present, 
converted  into  fins. 

Order  i.  Pharyngobranchu. — Ex.  Lancelet  (Amphioxus). 

Order  2.  Marsipobranchii, — Ex.  Lamprey  {Petromyzon),  Hag-fish 

(Afyxiru), 
Order  3.    TdeostH  (Bony  Fishes). — Ex,  Eels  (Muraenidae),  Her- 
rings (Clupeidue),  Salmon  and  Trout  (Salmonidse),  Cod 
and   Haddock  (Gadidae),  Flat-fishes  (Pleuronectidae), 
Perch  (Percidae),  Mackerel  (Scomberidae). 
Order  4.   Ganoidei.  —  Ex.    Bony  Pike  (Lepidosteus),   Paddle-fish 

(Spatularia),  Sturgeon  (Sturio). 
Order  5.  Elasmobranchii. — Ex.    Sharks   (Carcharidae),   Dog-fishes 
(Scylliadae),   Saw-fishes    (Pristis),   Rays  and  Skates 
(Raiidae). 
Order  6.  Dipnoi, — Ex.  Mud-fish  (Lepidosiren). 
Class  II.  Amphibia  (Amphibians). — Breathing-organs  in  the  youn^  in 
the  form  of  gills  alone,  afterwards  lungs,  either  alone  or  associated  with  gills. 
Skull  joined  to  the  backbone  by  two  articulating  surfaces  (** condyles"). 
Limbs  never  converted  into  fins.     Heart  in  the  young  of  two  chambers 
only,  in  the  adult  of  three  chambers.    Blood  cold. 
Order  i.  Labyrinthodontia  (extinct). 
Order  2.  Ophiovnorpha. — Ex.  Caecilia. 

Order  3.  Urodda      (Tailed     Amphibians).  —  Ex.    Water  -  newts 
(Triton),   Salamanders  (Salamandra),  Axolotl  (Sire- 
don),  Mud-eel  (Siren). 
Order  4.  Anoura    (Tailless    Amphibians). — Ex.    Frogs    (Rana), 
Tree-frogs  (Hyla),  Toads  (Bufo),  Surinam  Toads  (Pipa.) 
Class  III.  Reptilia  (Jleptiles). — Respiratory  organs  in  the  form  of 
lungs,  never  in  the  form  of  gills.    Heart  three-chambered,  rarely  four-cham- 
bered, the  pulmonary  and  systemic  circulations  always  connected  together 
directly,  either  in  the  heart  itself  or  in  its  immediate  neighbourhood.     Blood 
cold.     Skull  jointed  to  the  backbone  by  a  single  articulating  surface  or 
"condyle."     Each  half  of  the  lower  jaw  composed  of  several  pieces. 
Appendages  of  the  skin  in  the  form  of  scales  or  plates. 

Order  I.   Chelonia.  ^  Ex.  Turtles    (Cheloniida),    Soft    Tortoises 
(Trionycidae),  Terrapins  (Emydidae),   Land  Tortoises 
(Testudinidae). 
Order  2.   Opkidia. — Ex.  Vipers   (Viperidae),  Rattlesnakes  (Crota- 
lidac).  Sea-snakes  (Hydrophidae),  Boas  and  Pythons 
(Boidae). 
Order  3.  Lacertilia, — Ex.  Lizards  (Lacerta),  Iguanas   (Iguanidae), 
Monitors  (Varanidae),  Chameleons  (Chamaeleontidae). 
Order  4.  Crocodilia. — Ex.  Crocodiles,  Alligators,  Gavials. 
Order  5.  Ichthyopierygia  (extinct). — Ex.  Ichthyosaurus. 
Order  6.  Sauropterygia  (extinct). — Ex.  Plesiosaurus. 
Order  7.  Pterosaur ia  (extinct). — Ex.  Pterodactylus. 
Order  8.  Anomodontia  (extinct). — Ex.  Dicynodon. 
Order  9.  Deinosauria  (extinct). — Ex.  Iguanodon. 

Class  IV.  Ayes  (Birds) Respiratory  organs  in  the  form  of  lungs, 

never  in  the  form  of  gills.  Lungs  connected  with  air-receptacles  placed  in 
different  parts  of  the  body.  Heart  four-chambered.  BIockI  warm.  Skull 
connected  ^nth  the  backbone  by  a  single  articulating  surface  or  "  condyle." 
Each  half  of  the  lower  jaw  composcid  of  several  pieces.  Appendages  of 
the  skin  in  the  form  of  feathers.     Cavities  of  the  chest  and  abdomen  not 
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separated  by  a  complete  partition  (diaphragm).     Fore-limbs  converted  into 
wings.     Animal  oviparous. 

Order  i.  Natatores    (Swimmers).  —  Ex.   Penguins    (Spheniscidae), 
Gulls  (Laridae),  Ducks  (Anatidse),  Geese  (Anserinae), 
Flamingos  (Phsenicopteridae). 
Order  2.  Grallatores  (Waders). — Ex.  Rails  (Rallidae),  Water-hens 
(Gallinulae),   Cranes    (Gruidae),    Herons   (Ardeida), 
Storks  (Ciconinae),   Snipes  and  Woodcock  (Scolop- 
acidae),    Plovers,    Oyster-catchers,    and   Turnstones 
(Charadriidae). 
Order  3.   Cursores  (Runners). — Ex.   Ostrich  (Struthio),   American 
Ostrich  (Rhea),  Emeu  (Dromaius),  Cassowary  (Casu- 
arius),  Apteryx. 
Order  4.  Rasores    (Scratchers).  —  Ex.    Grouse,    Ptarmigan,    Par- 
tridges,  Pheasants,   Turkey,  Guinea-fowl,    Domestic 
Fowl,  Pea-fowl  (Gallinacei) ;  Doves,  Pigeons,  Ground- 
pigeons  (Columbacei). 
Order  5.  Scansores  (Climbers). — Ex.    Cuckoos  (Cuculidae),  Wood- 
peckers   (Picidae),    Parrots,    Cockatoos,    Parrakeets 
(Psittacidae),     Toucans    (Rhamphastidae),     Trogons 
(Trogonidae). 
Order  6.  Insessores  (Perchers). — Ex.  Crows,    Magpies,  and  Jays 
(Corvidae),  Starlings  (Stumidae),  Finches,  Grosbeaks, 
'  Larks   (Fringillidae),    Thrushes,    Blackbirds,    Orioles 

(Merulidae),  Creepers  and  Wrens  (Certhidae),  Hum- 
ming-birds   (Trochilidae),     Swallows    and     Martins 
(Hirundinidae),  Swifts  (Cypselidae),  King-fishers  (Al- 
cedinidae). 
Order  7.  Raptores  (Birds  of  Prey).— jE'j:.    Owls  (Strigidae),  Fal- 
cons and  Hawks  (Falconidae),  Eagles  (Aquilina),  Vul- 
tures (Vulturidae). 
Order  8.  Saurura  (extinct). — Ex.  Archaeopteryx. 
Class  V.  Mammalia  (Mammals  or  Quadrupeds).— Respiratory  organs 
in  the  form  of  lungs,  which  are  never  connected  with  air-sacs  plac^  in 
different  parts  of  the  body.     Heart  four-chambered.     Blood  warm.     Skull 
united  to  the  backbone  by  two  articulating  surfaces  or  **  condyles."     Each 
half  of  the  lower  jaw  composed  of  a  single  piece.     Appendages  of  the  skin 
in  the  form  of  hairs.     Young  nourished  by  means  of  a  special  fluid — the 
milk, — secreted  by  special  glands — the  mammary  glands.     Animal  vivipa- 
rous. 

A.  NoN-PLACENTAL   MAMMALS. — The    young    not   provided   with  a 
placenta. 

Order  I.  Monotremata, — Ex.  Duck-mole  (Omithorhynchus),  Spiny 
Ant-eater  (Echidna). 

Order  2.  Marsupialia,  —  Ex,  Kangaroos  (Macropodidae),  Kan- 
garoo-bear (Phascolarctos),  Phalangers  (Phalangis- 
tida).  Opossums  (Didelphidae),  Tasmanian  Devil 
(Dasyurus). 

B.  Placental  Mammals. — The  young  provided  with  a  placenta. 

Order  3.  Edentata. — Ex.  Sloths  (Bradypodidae),  Armadillos  (Dasy- 
podidae).  Hairy  Ant-eaters  (Myrmecopbagidae),  Scaly 
Ant-eaters  (Manis). 

Order  4.  Sirenia. — Ex.  Manatee  (Manatus),  Dugong  (Halicore). 

Order  5.  Cdacea.  — Ex.  Whalebone-whales  (Balaenidae),  Sperm- 
whales  (Physeteridae),  Dolphins  and  Porpoises  (Del- 
phinidae). 


52  INTRODUCTION. 

Order  6.  Ungulata  (Hoofed  Quadrupeds). — Ex.  Rhinoceros; 
Tapir;  Horse,  Ass,  and  Zebra  (Equidae)  ;  Hippopota- 
mus ;  Hogs  and  Peccaries  (Suida) ;  Camels  and 
Llamas  (Camelidae)  ;  Giraffe  ;  Stags,  Elk,  Reindeer 
(Cervidse) ;  Antelopes  (Antilopidse) ;  Sheep  and  Goats 
(Ovidse) ;  Oxen  and  Buffaloes  (Bovidae). 

Order    7.  Hyracoidea. — Ex.  Hyrax. 

Order   8.  Proboscidea. — Ex,  Elephants  (Elephas). 

Order  9.  Camivora. — Ex.  Seals  (Phocidae),  Bears  (Ursidae), 
Racoons  (Procyon),  Badgers  (Melidae),  Weasels  and 
Otters  (Mustelidae),  Civets  and  Genettes  (Viverridae), 
Dogs,  Wolves,  and  Foxes  (Canidae)  ;  Hyaenas 
(Hyaenidae),  Cats,  Lynxes,  Leopards,  Tigers,  Lions 
(Felidae).' 

Order  10.  RocUntia. — Ex.  Hares  and  Rabbits  (Leporidae),  Porcu- 
pines (Hystricidae),  Beavers  (Castoridae),  Mice  and 
Rats  (Muridae),  Dormice  (Myoxidae),  Squirrels  and 
Marmots  (Sciuridae). 

Order  II.  Cheiroptera. — Ex.  Common  Bats  (Vespertilionidae), 
Horseshoe-bats  (Rhinolophidae),  Vampire-bats  (Phyl- 
lostomidae).  Fox-bats  (Pteropidae). 

Order  12.  Insectivora. — Ex.  Moles  (Talpidae),  Shrew-mice  (Sori- 
cidae),  Hedgehogs  (Erinaceidae). 

Order  13.  Quadrumana. — Ex.  Aye-aye  (Cheiromys),  Lemurs  (Le- 
muridae),  Spider-monkeys  (A^eles),  Howlers  (My- 
cetes),  Macaques  (Macacus),  Baboons  (Cynocephalus), 
Gibbons  (Hylobates),  Orang  (Simla),  Gorilla  and 
Chimpanzee  (Troglodytes). 

Order  14.  Bimana. — Man  (Homo  Sapiens). 

General  Succession  and  Progression  of  Organic 
Types. — ^Whilst  admitting  the  impossibility  of  arranging  the 
animal  kingdom  upon  any  linear  plan,  no  doubt  obtains  as  to 
the  fact  that  some  of  the  fundamental  "  morphological  types," 
or  plans  upon  which  animals  have  been  constructed,  are  higher 
than  others.  Every  one  admits,  for  example,  that  the  Verte- 
brate type  is  higher  than  the  Molluscan  or  the  Articulate  type, 
an  admission  which  is  not  affected  by  the  fact  that  the  highest 
Molluscs  and  Articulates  are  superior  in  point  of  organisation 
to  the  lowest  Vertebrates.  In  the  same  way,  within  the  limits 
of  each  sub-kingdom,  every  one  admits  that  some  of  the  groups 
are  higher  than  the  others.  Every  one,  for  example,  would 
admit  that  a  Mammal  is  a  superior  animal  to  a  Fish.  It  fol- 
lows from  this  that  a  certain  general  arrangement  of  the  animal 
kingdom,  as  a  whole,  is  possible,  upon  the  comparative  basis 
of  the  morphological  type  of  the  sub-kingdoms.  Similarly  a 
general  and  more  exact  arrangement  of  the  classes  and  orders 
of  each  sub-kingdom  may  be  made  by  the  degree  of  perfection 
in  which  the  type  of  the  sub-kingdom  is  carried  out  in  each. 

No  generalisation  of  Palaeontology  seems  to  stand   on  a 
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firmer  basis  than  that  which  asserts  that  there  has  been  a 
general  succession  of  organic  types,  and  that  the  appear- 
ance of  the  lower  forms  of  life  has  in  the  main  preceded  that 
of  the  higher  forms  in  point  of  time.  In  other  words,  it  is 
one  of  the  generalisations  of  Palaeontology  that  there  has 
not  only  been  a  succession,  but  also  a  progression,  of  organic 
types  in  proceeding  from  the  earliest  fossiliferous  deposits 
up  to  the  present  day.  Whilst  this  genercU  law  remains,  as 
we  believe,  unassailable,  there  are  some  important  considera- 
tions which  must  not  be  lost  sight  of.  In  the  first  place,  it  is 
very  doubtful  if  we  are  as  yet  acquainted  with  the  absolute  time 
of  the  first  appearance  upon  the  globe  of  even  one  of  the  sub- 
kingdoms.  Future  discoveries,  therefore,  are  almost  certain  to 
push  back  still  further  into  the  remote  vistas  of  the  past  the 
point  of  time  at  which  each  morphological  type  first  made  its 
appearance  upon  the  globe.  Still,  there  is  little  likelihood  that 
the  relative  times  of  appearance  of  the  great  groups,  as  com- 
pared with  one  another,  will  be  affected  by  the  researches  of 
the  future.  It  remains  almost  certain  that  we  shall  find  that 
the  lower  types  were  followed  in  point  of  time  by  the  higher. 
In  the  second  place,  we  find  all  the  primary  types  in  exist- 
ence before  the  close  of  the  Silurian  period  ;  and  he  would  be 
rash  indeed  who  would  dogmatically  deny  that  they  might  all 
have  been  present  in  the  earlier  Cambrian  period.  This,  at 
first  sight,  might  seem  almost  to  negative  the  above  generalisa- 
tion, but  it  does  not  affect  its  value  if  fairly  examined.  The 
lower  sub-kingdoms  of  the  Invertebrate  animals  appeared  so 
early  that  their  origin  is  lost  in  the  mists  of  antiquity,  and  we 
can  say  nothing  positively  as  to  the  time  when  each  came  into 
existence.  The  Cambrian  deposits  are  underlaid  by  the  vast 
series  of  the  Laurentian  deposits,  representing  an  incalculable 
lapse  of  time.  These  ancient  sediments,  with  one  exception, 
have  hitherto  proved  barren  of  life,  owing  to  the  intense  meta- 
morphism  to  which  they  have  been  subjected,  and  they  conse- 
quently yield  no  evidence  bearing  on  the  question  in  hand. 
They  serve  to  show  us,  however,  by  their  presence  alone,  that 
we  must  in  the  meanwhile  leave  the  Invertebrate  sub-kingdoms 
out  of  account  altogether  as  bearing  upon  the  question  of  the 
succession  and  progression  of  organic  types.  We  do  not  know 
when  these  sub-kingdoms  commenced,  and  hence  we  have  no 
right  to  assert  either  that  they  were  all  introduced  simultane- 
ously, or  that  they  came  into  being  successively.  We  may  be 
sure,  however,  of  one  thing — they  did  not  commence  at  the 
points  where  now  we  find  their  earliest  traces.  There  remains, 
then,  only  the  sub-kingdom  of  the  Vertebrate  animals  which  can 
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reasonably  be  appealed  to  as  evidence  on  this  question.  The 
stratified  series  is  long  enough  to  render  it  certain  that  it  con- 
tains traces  of  the  first  appearance  of,  at  any  rate,  the  higher 
classes  of  these,  though  we  doubdess  are  ignorant  of  the  abso- 
lute moment  at  which  each  appeared.  If,  therefore,  it  can  be 
shown  that  there  has  been  a  progression  as  far  as  this  sub- 
kingdom  is  concerned,  then  there  would,  by  analogy,  be  the 
greatest  probability  that  a  similar  progression  has  taken  place 
in  all  the  sub-kingdoms. 

So  far  as  our  present  knowledge  goes,  it  would  appear  that 
there  is  such  a  progression  in  the  Vertebrate  sub-kingdom. 
The  classes  of  Vertebrates  make  their  appearance,  on  the 
whole,  in  the  order  indicated  by  their  zoological  position,  the 
lowest  first  and  the  highest  last.  Not  only  does  this  hold 
good  for  the  classes  of  the  Vertebrates,  but  the  same  general 
statement  may  be  made  as  to  the  orders  of  each  class.  Where 
apparent  exceptions  occur,  a  reasonable  explanation  can  be 
given,  or  our  knowledge  can  be  shown  to  be  defective.  Space 
will  not  allow  a  discussion  of  this  question,  but  a  single  ex- 
ample may  be  taken.  So  far  as  we  know  at  present,  the  earliest 
remains  of  vertebrate  animals  are  those  of  Fishes — the  lowest 
class  of  the  sub-kingdom — and  these  appear  in  the  Upper 
Silurian  Rocks  for  the  first  time.  Granting  the  probability  that 
Fishes  may  some  day  be  found  in  the  Lower  Silurian  Rocks, 
or  even  in  Cambrian  deposits,  there  still  seems  no  likelihood 
that  they  will  be  deprived  by  any  future  discoveries  of  their 
position  as  being  the  earliest  of  their  sub-kingdom.  The  oldest 
remains  of  Fishes,  however,  are  by  no  means  those  which  would 
be  expected,  but  belong  to  two  of  the  higher  orders  of  the  class. 
This  seeming  anomaly,  however,  disappears  when  we  consider 
that  the  two  lowest  orders  of  Fishes  possess  no  structures  by 
which  we  can  reasonably  expect  to  find  them  recorded  in  a 
fossil  state.  They  may  therefore  have  been  in  existence  long 
before  the  Ganoids  and  Placoids  of  the  Upper  Silurian  Rocks, 
and  we  have  no  right  to  assume  that  they  were  not.  As  to  the 
remaining  great  order  of  Fishes  (the  Teleostean  Fishes),  it  is 
certain  that  their  appearance  was  much  later,  and  they  are  gen- 
erally regarded  as  inferior  to  the  Ganoids  and  Placoids  in  zoo- 
logical position.  This,  however,  is  a  matter  of  opinion,  and 
reasons  are  not  wanting  for  regarding  them  as  the  highest  of 
their  class. 

It  only  remains  to  add  that  nothing  further  is  contended  for 
here  than  the  general  fact  of  there  having  been  a  progression 
of  morphological  types,  the  lowest  presenting  themselves  first, 
the  highest  being  the  last  to  appear  upon  the  scene.    It  is  by  no 
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means  contended  that  the  Ganoid  fishes  of  the  Upper  Silurian 
Rocks  were  in  any  way  degraded  members  of  their  order,  or 
inferior  in  point  of  organisation  to  the  Ganoids  of  the  present 
day.  On  the  contrary,  there  is  reason  to  think  that  many 
t3rpes  early  presented  a  development  more  varied  than  that 
^diibited  by  their  successors.  It  is  simply  contended  that,  on 
the  wJiole^  there  has  been  a  zoological  progression  as  we  ascend 
from  the  Cambrian  period  to  the  present  day.  It  is  also  to 
be  remembered,  that  though  the  commencement  of  the  Inver- 
tebrate sub-kingdoms  may  be  unknown  to  us,  a  similar  pro- 
gression can  be  in  many  cases  shown  as  regards  the  orders  and 
classes  of  these,  even  more  completely  than  in  the  case  of  the 
Vertebrate  sub-kingdom. 
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CHAPTER    VII. 

SUB-KINGDOM  L— PROTOZOA, 

Sub  -  KINGDOM  I.  Protozoa.  —  Animal  simple  or  composite^ 
generally  of  very  minute  size^  composed  of  a  structureless y  jelly-like, 
cUbuminoid  substance  (termed  "  sarcode  "),  showing  no  composition 
out  of  definite  parts  or  segments^  having  no  definite  body -cavity  ^ 
Presenting  fio  traces  of  a  nervous  system,  and  having  either  no  ali- 
mentary apparcUuSy  or  but  a  very  rudimentary  one. 

Table  of  the  Divisions  of  the  Protozoa. 

Class  A.  Gregarinid/e. — Parasitic  Protozoa,  which  are  destitute  of  a 
mouth,  and  do  not  possess  the  power  of  emitting  processes  of  their  body- 
substance  (pseudopodia). 

Class  B.  Rhizopoda. — Protozoa,  which  are  destitute  of  a  mouth,  and 
have  the  power  of  emitting  extensile  and  contractile  processes  of  the  body- 
substance  (pseudopodia). 

Order  I.  Monera. — Ex,  Protogenes. 
Order  2.  Amabea.  — Ex.  Amoeba. 
Order  3.  Foramtnifera, — Ex.  Nummulites. 
Order  ^  Radiolaria, — Ex,  Haliomma. 
Order  5.  Spongida, — Ex,  Spongilla. 

Class  C.  Infusoria  (Infusorian  Animalcules). — Protozoa  mostly  with 
a  mouth,  and  rudimentary  digestive  canal ;  destitute  of  the  power  ot  emit- 
ting pseudopodia;  furnished  with  vibratile  cilia  or  contractile  filaments; 
the  body  usually  with  a  distinct  cuticle  covering  a  layer  of  firm  sarcode. 

Regarded  palaeontologically,  we  may  eliminate  from  the  Pro- 
tozoa the  entire  class  of  the  Gregarinidce,  with  the  Rhizopodous 
orders  of  the  Monera  and  Amoebea,  no  trace  of  the  past  exis- 
tence of  which  has  yet  been  obtained,  or,  from  their  soft-bodied 
nature,  is  ever  likely  to  be.  For  all  practical  purposes  the 
same^may  be  said  of  the  large  and  universally-distributed  class 
of  the  Infusorian  Animalcules.  Some  of  these,  however,  possess 
homy  or  membranous  cases  which  might  possibly  be  preserved 
in  a  fossil  state ;  and  it  has  been  alleged  that  the  genus  Peri- 
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dinium  has  been  thus  detected  in  the  Cretaceous  formation. 
With  this  doubtful  exception,  however,  no  Infusorian  animal- 
cale  has  ever  been  detected  in  the  fossil  state,  though  the  class 
has  doubtless  existed  from  the  most  remote  antiquity.  There 
remain,  then,  only  the  three  Rhizopodous  orders  of  the  Fora- 
minifera,  Radiolaria,  and  Sfongida,  all  of  which  secrete  hard 
structures,  and  all  of  which  are  more  or  less  extensively  repre- 
sented as  fossils,  so  that  they  demand  our  attention  separately 
ajid  in  detail. 

I. — FORAMINIFERA. 

The  Foraminifo'a.  may  be  defined  as  Rhizopoda  in  which  the 
body  is  protected  by  a  shell  or  "  test,"  which  is  usually  composed 
of  carbonate  of  lime,  hut  which  may  consist  of  particles  of  sand 
cemented  together  by  some  animal  cement,  or  may  be  simply  horfty 
{chilinous).  The  animal  may  be  simple,  or  may  repeat  itself  inde- 
finitely by  budding,  and  t/ie  body-substance  gives  out  long  and 
thread-like  processes  {pseudopodia),  which  interlace  with  one  an- 
other to  form  a  network,  and  often  coalesce  at  their  bases  to  form  a 
conlinuous  layer  of  sarcode  outside  t/ie  shell.  The  pseiidopodia 
reach  the  exterior  either  by  perforations  in  the  walls  of  the  sliell,  or 
simply  by  the  mouth  of  the  latter  (fig.  6,  c  b). 


V\%.  6  — MorphirfoKy  of  Fonunin  feia.  a  Lagma  vulgant  ■  mong  haiamous  Fora 
mini^r;  iMilhla  (sTlcr  SchuLUe)  thowing  He  pscudDpod  a  praUiided  from  the  ora 
'-■-      ■  ^'        '•■  certina  (after  Schullie)  ihowing  the  nauulod  shell  will 

11  friviD^  cm  lo  pKuilopixlia  ;  d  Sccuon  or  Ncdaiatu 

iakUftda  ;  /  CtfAierrima  Anltindfs, 


(aflcr  CBrpcnter) ;  r  Nod&sarit 
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From  a  palfeontological  point  of  view  the  only  part  of  a 
Foraminifer  with  which  we  have  to  deal  is  the  shell  or  "  test," 
and  there  are  several  points  to  notice  in  this  connection. 
Firstly,  as  regards  the  actual  composition  of  the  shell,  it  is  in 
the  majority  of  cases  calcareous,  or  composed  of  carbonate  of 
lime,  but  it  is  rarely  membranous,  and  it  is  not  uncommonly 
"arenaceous" — that  is,  composed  of  particles  of  sand  cemented 
together  by  some  animal  substance.  Secondly,  the  shells  of  the 
Foraminifera  may  be  divided  into  two  natural  groups,  accord- 
ing as  their  walls  are,  or  are  not,  perforated  by  apertures  or 
"  foramina"  through  which  the  pseudopodia  are  protruded.  In 
those  calcareous  shells  in  which  the  walls  are  not  perforated 
the  substance  of  the  test  is  "  porcelianous,"  homogeneous,  and 
opaque-white  when  viewed  by  reflected  light  In  those  calcar- 
eous shells  in  which  the  walls  are  perforated  by  pseudopodial 
foramina,the  substance  of  the  test  is  "vitreous,"  transparent,  and 
glassy.  The  arenaceous  shells  may  or  may  not  be  perforated, 
their  texture  in  either  case  remaining  the  same.  Thirdly,  there 
are  some  convenient,  though  arbitrary,  distinctions  to  be  drawn 
from  the  form  of  the  shell.  The  simplest  form  amongst  the 
Foraminifera,  and  that  in  which  all  alike  primitively  commence 
their  existence,  is  that  of  a  single  spheroid  of  sarcode  capable 
of  secreting  for  itself  a  hard  covering,  as  in  Lagena  (fig,  6,  a) 
and  Orbulina  {fig.  7).  This  simple  state  of  things  is  rarely 
retained  throughout  life,  but  the  primitive 
mass  of  sarcode  usually  repeats  itself  by  bud- 
ding, till  a  compound  mass  is  produced,  con- 
sisting of  a  number  of  little  spheres  of  sarcode, 
surrounded  by  a  common  calcareous  or  are- 
naceous envelope  or  test.  Each  bud  of  the 
compound  Foraminifer  is  surrounded  by  its 
own  shell,  so  that  the  whole  comes  to  be  com-  tmiwria.  a  «mde 
posed  of  a  number  of  chambers,  each  contain-  puMoeMt/u^ut 
ing  a  mass  of  sarcode.  The  partitions,  how-  ?Pf""'"^,^'*  "^ 
ever,  or  "septa,"  between  the  different  cham-  ''"  """*«")'■ 
bers,  are  perforated  by  one  or  more  apertures  (fig.  6,  if),  through 
which  pass  connecting  bands  of  sarcode ;  so  that  the  sarcode 
occupying  the  different  chambers  is  united  into  a  continuous 
and  organic  whole.  Each  member  of  the  colony  may  give  out 
its  own  pseudopodia  through  perforations  in  its  investing  wall 
(fig.  6,  c),  or  the  pseudopodia  may  be  simply  emitted  from  the 
mouth  of  the  shell  by  the  last  segment  only  (fig.  6,  b).  In  any 
case  the  direction  in  which  the  buds  are  throivn  out  by  the 
primordial  spherule  of  sarcode  is  governed  by  a  determinate 
law,  and  differs  in  different  species,  the  fonn  ultimately  assumed 
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by  the  shell  depending  wholly  upon  this.   The  forms,  however, 

assumed  hy  the  shells  o( /vraminifera  are  extremely  variable, 
even  within  the  limits  of  a  single  species,  and  it  would  be  im- 
possible to  notice  even  the  chief  types  in  this  place.  There 
are,  however,  two  or  three  important  variations  which  may 
be  noticed.  If  the  buds  are  thrown  out  from  the  primitive 
spherule  in  a  linear  series  so  as  to  form  a  shell  'composed  of 
numerous  chambers  arranged  in  a  straight  line,  we  get  such 
a  type  as  Nodosaria  (fig.  6,  e).  When  the  new  chambers  are 
added  in  a  spiral  direction,  each  being  a  little  larger  than  the 
one  which  preceded  it,  and  the  coils  of  the  spiral  lying  in  the 
same  plane,  we  get  such  a  form  as  Discorbina  (fig,  6,  c),  or 
Robulina  (fig.  8).  These  are  the  so-calied  "  nautiloid  "  Fora- 
mini/era,  from  the  resem- 
blance of  the  shell  in  figure 
to  that  of  the  Pearly  Nauti- 
lus. From  this  resemblance 
the  nautiloid  Foraminiftra 
were  originally  placed  in  the 
same  class  as  the  Ammonites 
{ Cephalopoda),  but  their  true 
position  was  shown  by  the 
examination  of  their  soft 
parts.  In  the  typical  nauti- 
loid shell  the  convolutions 
of  the  spiral  all  lie  in  one  plane ;  but  in  other  cases,  as  in 
Rolalia  (fig.  9)  the  shell  becomes  turreted  or  top-shaped,  in 
consequence  of  the  coils  o'f  the  spiral  passing  obliquely  round 
1  other  forms,  such  as  Nummulites  (fig.  13), 
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Orbitoliles,  and  Orbitoides,  the  shell,  though  consisting  essen- 
tially of  a  succession  of  chambers  arranged  in  a  spiral  series,  is 
of  a  much  more  complex  nature.  Lastly,  in  addition  to  these 
symmetrical  fonns,  there  are  others,  such  as  Globigertiia  (fig,  6, 
/),  in  which  the  arrangement  of  the  segments  is  very  irregular- 
Remains  of  ./w-a/wwjrtr^a  have  been  found  in  all  the  great 
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formations  into  which  the  stratified  series  is  divided,  from  the 
Laurentian  period  to  the  present  day.  In  one  of  the  limestones 
of  the  vast  Laurentian  series  of  Canada  occurs  a  singular  body 
which  has  been  described  as  a  gigantic  Foraminifer,  under  the 
name  of  Eozoon  Canadense  (fig.  10).  Some  observers  doubt 
the  true  organic  nature  of  Eozoon^  but  the  weight  of  authority 
is  decidedly  in  favour  of  the  belief  that  the  above  is  its  real 
character.  If  this  be  the  case,  Eozoon  is  not  only  the  oldest  of 
the  Foraminifera^  but  is  the  earliest  fossil  of  any  kind  as  yet 
discovered.     Eozoon  consists  of  a  chambered  calcareous  skele- 
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Fig.  la — Diagnm  of  a  portion  of  EozoSn  (after  Carpenter). — A,  B,  C,  Three  tiers  of 
chambers  communicating  with  one  another  by  constricted  apertures ;  a  a  The  true  shell- 
wall,  perfotated  by  numerous  pseudopodial  K>ramina ;  b  b  Intermediate  skeleton ;  c  Pas* 
sage^  of  communication  (stolon-passage)  from  tier  to  tier ;  d  Ramifying  tubes  in  the  inter- 
mediate skeleton.  • 

ton  infiltrated  by  certain  silicates  in  solution.  These  silicates 
are  chiefly  white  pyroxene,  serpentine,  and  Loganite,  and  they 
are  now  found  occupying  all  the  spaces  in  the  fossil  which  were 
formerly  filled  with  the  sarcode  of  the  animal.  When,  there- 
fore, a  specimen  of  Eozoon  is  treated  with  acid,  the  calcareous 
matter  is  dissolved  out,  and  what  we  have  left  consists  of  a 
cast  in  the  above  silicates  of  the  chambers  formerly  occupied 
by  the  sarcode  of  the  animal,  together  with  the  various  passages 
by  which  these  chambers  are  connected,  and  the  tubes  by 
which  the  pseudopodia  were  conducted  to  the  exterior.  That 
such  a  replacement  of  an  animal  body  by  silicated  minerals 
is  not  an  impossibility  is  shown  by  the  occurrence  of  casts  of 
living  Foraminifera  (such  as  Amphist^nd)  in  which  the  sarcode 
is  replaced  by  a  green  silicate  (probably  glauconite),  which 
forms  an  accurate  cast  of  the  interior  of  the  shell.  Eozoon 
consists  essentially  of  a  series  of  chambers  placed  in  tiers 
(fig.  10,  A,  B,  C)  which  are  arranged  one  above  the  other. 
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Sometimes  its  growth  was  very  regular,  but  sometimes  extremely 
irregular.  The  chambers  are  more  or  less  perfectly  marked  off 
from  one  another  by  inflections  of  the  test  or  "  septa,"  per- 
forated for  the  passage  of  bands  of  sarcode,  by  which  the 
chambers  are  brought  into  organic  connection.  The  sarcode 
occupying  the  tiers  of  chambers  is  bounded  by  a  thin  "  proper 
wair*  (fig.  lOf  a  a),  perforated  by  numerous  minute  tubes  by 
which  the  pseudopodia  reached  the  exterior.  It  is  obvious, 
however,  that  only  the  chambers  of  the  uppermost  tiers  could 
thus  have  the  power  of  giving  out  pseudopodia.  The  various 
tiers  of  chambers  are  connected  with  one  another  by  a  canal- 
system,  and  are  separated  from  one  another  by  the  develop- 
ment of  supplementary  layers  of  calcareous  matter,  constituting 
what  is  called  the  "  intermediate  skeleton."  Eozoon  appears 
to  have  grown  in  reef-like  masses,  often  of  very  great  extent, 
and  it  finds  its  nearest  living  allies  in  the  recent  Polytrema  and 
Carpenieria.  Its  shell-structure  also  shows  points  of  affinity 
with  the  extinct  Nummuliies  and  the  recent  Calcarina,  Eozoon 
has  been  detected,  not  only  in  the  Laurentian  series  of  Canada, 
but  in  other  rocks  supposed  to  be  of  the  same  age  in  Bavaria 
and  in  other  parts  of  Europe.  It  also  occurs  in  the  Lower 
Silurian  marbles  of  Connemara  in  Ireland ;  and  it  is  said  to 
have  been  detected  in  rocks  of  Liassic  age. 

Having  given  a  somewhat  detailed  account  of  the  singular 
Eozoon — ^justified  by  its  importance — it  will  not  be  necessary 
to  speak  at  any  length  of  the  more  modern  representatives  of 
the  order.  In  the  Silurian  Rocks  remains  of  Foraminifera 
have  been  detected  in  various  localities,  some  of  the  forms 
apparently  being  identical  with  existing  types.  Thus,  Ehren- 
berg  showed  that  the  Lower  Silurian  sandstones  of  the 
neighbourhood  of  St  Petersburg  contained  casts  of  Forami- 
niferous  shells  in  glauconite,  some  of  which  were  referable 
to  the  living  genera  RotcUia  and  Textularia,  Over  wide 
areas  in  the  Southern  Alps,  Russia,  Spain,  Armenia,  and  the 
United  States,  beds  of  Carboniferous  limestone  are  charged 

with  the  shells  of  Fusulina 
(fig.  ii).  Whole  beds  are 
made  up  of  the  remains  of 
this  minute  fossil,  and  the 
Fusulina  limestone  has  been 
rig.  xx.-Fusuiina  cyiindrica.  Justly  paralleled  with   the 

Carboniferous,  Russia.  NummuHtic    LimeStOnC    Of 

Eocene  times. 
In  the  Secondary  Rocks,  Foraminifera  occur  in  great  abun- 
dance, but  they  are  not  specially  noticeable  except  for  the  part 
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they  play  in  the  formation  of  Chalk.  The  great  formation  of 
the  White  Chalk — forming  the  well-known  chalk-cliffs  of  the 
south  of  England,  and  attaining  sometimes  a  thickness  of  not 
less  than  looo  feet^s  to  a  very  large  extent  composed  of  the 
debris  of  the  microscopic  shells  of  Foraminifera.  As  already 
pointed  out,  therefore,  the  White  Chalk  is  to  some  extent 
comparable  with  the  ooze  of  the  deep  Atlantic,  which  is  also 
largely  made  up  of  the  skeletons  of  these  minute  organisms. 
Amongst  the  Foraminifera  of  the  Chalk  are  the  genera  GMi- 
gerina  (fig.  6,  /),  Rotalia  (fig.  9),  and  Textidaria  (fig.  la),  all 
of  which  are  represented  by  living  species,  no  difference  being 
distinguishable  in  the  case  of 
the  first  between  the  Creta- 
ceous and  the  modem  form. 
In  the  Cretaceous  foimation 
(Upper  Greensand)  we  have 
also  the  gigantic  Arenaceous 
Forarainifer  which  consti- 
tutes the  genus  Parkeria, 
the  shell  of  which  attains  a 
diameter  of  two  and  a  quarter  ►«■  "■—  nuiUiiria  MtjtiUmt. 

bcht..  ■^°**'- 

In  the  Kainozoic  period  the  Foraminifera  attained  their 
maximum  of  development,  both  as  regards  their  size  and  the 
number  of  generic  types.  The  Eocene  formation  especially  is 
remarkable  for  the  profusion  of  its  Foraminiferous  fauna.  The 
Middle  Eocene  in  particular  is  characterised  by  the  possession 
of  a  very  widely  spread  and  easily  recognised  formation,  known 
as  the  Nummulitic  Limestone,  from  the  occurrence  in  it  of  a 
large  coin-shaped  Forarainifer,  the  Nummuliie  (fig.  13).  Num- 
mulites  attain  a  size  of  as  much  as  three  inches  in  circumference, 
and  their  structure  is  very  complex.    According  to  Sir  Charles 
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Lyell,  "  the   Nummulitic   Limestone,  with  its  charactenstic 
fossils,  plays  a  far  more  conspicuous  part  than  any  other 
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Tertiary  group  in  the  solid  framework  of  the  earth's  crust, 
whether  in  Europe,  Asia,  or  Africa.  It  often  attains  a  thick- 
ness of  many  thousand  feet,  and  extends  from  the  Alps  to  the 
Carpathians,  and  is  in  full  force  in  the  north  of  Africa,  as  in 
Algeria  or  Morocco.  It  has  also  been  traced  from  Egypt, 
where  it  was  largely  quarried  of  old  for  the  building  of  tiie 
Pyramids,  into  Asia  Minor,  and  across  Persia,  by  Bagdad,  to 
the  mouths  of  the  Indus.  It  occurs  not  only  in  Cutch,  but  in 
the  mountain-ranges  which  separate  Scinde  from  Persia,  and 
which  form  the  passes  leading  to  Cabul ;  and  it  has  been  fol- 
lowed still  further  eastwards  into  India,  as  far  as  Eastern 
Bengal  and  the  frontiers  of  China."  Another  important 
member  of  the  Eocene  Rocks  is  the  Miliolite  Limestone  of 
the  Paris  basin,  so  called  because  of  the  abundance  in  it  of  the 
shells  of  a  species  of  Miliola,  of  which  a  living  form  is  shown 
in  fig.  6,  b. 

1 1 . RaD  10  lari  a. 

The  order  Radwlaria  is  defined  as  comprising  those  members 
of  the  Rhizopoda  which  possess  a  silUeous  test  or  siliceous  spicules, 
and  are  provided  with  pseiidopodia  which  slaiid  out  from  the  body 
like  radiating  filamerUs,  and  occasionally  run  into  one  another 
<fig.  14). 


All  the  Radiolaria  possess  hard  structures  in  the  form  of  sili- 
ceous spicules  or  a  siliceous  test ;  but  only  one  group,  viz., 
that  of  the  Polycystina,  has  as  yet  been  detected  in  a  fossil 
condition.  The  Polycystina  (fig.  14,  b)  are  all  microscopic 
organisms  very  closely  allied  to  the  Foratninifera,  from  which 
they  differ  chiefly  in  the  siliceous  nature  of  their  skeleton. 
The  test  is  glgssy,  composed  of  flint,  perforated  by  numerous 
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foramina  for  the  emission  of  pseudopodia,  and  often  provided 
with  spine-like  projections.  The  Polycystina  are  best  known 
as  occurring  in  the  so-called  "  Infiisorial  Earth  "  of  Barbadoes. 
This  is  a  Tertiary  deposit,  and  consists  largely  of  the  shells  of 
Polycystina,  They  have  not  as  yet  been  detected  in  any 
Palaeozoic  formation,  but  they  are  known  to  occur  in  the 
Mesozoic  series. 

III. — Spongida. 

The  Sponges  may  be  defined  as  Rhizopoda  composed  of 
numerous  amosbiform  masses  of  sarcode  united  into  a  composite 
mass,  which  is  traversed  by  canals  opening  on  the  surface^  and  is 
almost  always  supported  by  an  internal  skeleton  or  framework  of 
homy  fibres  or  of  calcareous  or  siliceous  spicula. 

The  only  portion  of  the  Sponges  with  which  the  palaeonto- 
logist is  concerned,  is  the  skeleton.  Whatever  the  nature  of 
this  skeleton  may  be,  it  is  so  arranged  that  its  parts  surround 
two  sets  of  apertures  which  open  on  the  surface  of  the  sponge, 
and  which  are  connected  with  one  another  by  a  system  of 
canals  ramifying  in  its  deeper  portions.  Of  the  apertures 
which  penetrate  the  substance  of  the  sponge  in  every  direc- 
tion, one  set  consists  of  large  chimney-like  openings,  which  are 
called  **  oscula,"  or  "  exlialant  apertures."  There  maybe  only 
a  single  osculum,  or  many  may  be  present.  The  other  set 
consists  of  very  much  smaller  openings,  which  are  always  very 
numerous,  and  which  are  termed  the  "pores,"  or  "inhalant 
apertures."  The  pores  and  oscula  are  connected  by  a  system 
of  canals  excavated  in  the  substance  of  the  sponge,  and  a  con- 
stant circulation  of  water  can  be  kept  up  through  the  whole 
mass,  the  former  serving  for  the  incoming  currents,  the  latter 
for  the  outgoing. 

The  Sponges  are  divided  into  three  groups  according  to  the 
nature  of  the  skeleton :  i.  Keratosa,  comprising  the  ordinary 
sponges  of  commerce,  in  which  the  skeleton  is  composed  of 
a  homy  substance  called  "  keratode ; "  2.  Calcarea,  or  Calci- 
sponguBy  in  which  the  skeleton  is  composed  of  carbonate  of 
lime ;  and  3.  Siliceay  or  Vitrea,  in  which  the  skeleton  is  com- 
posed of  flint  or  silex. 

The  Homy  Sponges,  from  the  nature  of  their  skeleton,  are 
not  certainly  known  as  fossils ;  but  traces  of  their  past  exist- 
ence are  said  to  have  been  obtained  in  the  form  of  the  spicules 
with  which  the  homy  skeleton  is  sometimes  fumished.  The 
Calcareous  and  Siliceous  Sponges  are  both  well  represented  in 
a  fossil  condition,  though  the  true  nature  of  some  of  the  more 
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ancient  examples  is  perhaps  somewhat  dubious.  As  far  as 
we  know  at  present,  the  CalcKpongice  commence  in  the  Silurian 
Rocks,  attain  their  maximum  in  the  Secondary  Rocks,  and  are 
diminished  in  numbers  at  the  present  day;  though  Haeckel's 
recent  discoveries  have  rendered  this  last  assertion  more  than 
problematical.  The  Silicispongia  seem  to  have  come  into 
existence  during  the  Secondary  period,  attaining  a  great  de- 
velopment during  the  Cretaceous  epoch,  and  being  well  repre- 
sented at  the  present  day. 

As  regards  Palseozoic  sponges,  one  of  the  earliest  known 
forms  IS  the  Arclueocyathus  (fig  15)  of  Mr  Bilhngs,  species  of 
which  have  been  obtained  from  the  Potsdam  Sandstone  and 
Calciferous  Sand  rock  (Upper  Cambrian  ?)  of  Canada  The 
general  form  m  this  genus 
IS  that  of  a  hollow  cone  or 
hollow  cylinder,  enclosing  a 
large  cup  shaped  cavity,  and 
tapenng  towards  one  ex- 
tremity, which  was  presum- 
ably fixed  to  some  foreign 
body  Specimens  appear  to 
ha\e  reached  a  very  lai^e 
size,  a  length  of  two  or  three 
feet  and  a  diameter  of  three 
or  four  inches  being  some- 
times attained  1  he  sponge 
consists  of  an  outer  wall, 
usually  perforated  with  nu- 
merous small  irregular  aper- 
tures, and  a  thin  inner  wall 
pierced  with  manj  open- 
ings (fig  15,  a)  The  space 
betH  een  the  outer  and  inner 
wall  is  subdivided  into  a 
number  of  vertical  radiating  partitions,  thus  very  closely  simu- 
lating the  structure  of  one  of  the  septate  corals.  The  genus, 
however,  is  sho\vn  truly  to  belong  to  the  Spongida  by  the 
occurrence  of  numerous  branching,  cylindrical,  or  fusiform 
siliceous  spicula  within  the  substance  of  the  organism.  In  the 
same  geological  horizon,  and  also  in  higher  strata,  occurs  the 
somewhat  allied  genus  Calathtum,  in  which  the  skeleton  also 
assumed  a  turbinate  form. 

Amongst  the  Lower  Silurian  genera  of  Sponges  may  be 
mentioned  Palaospoiigia,  AcaiUhospongia,  Eospongia,  Palao- 
manoH,  and  Astyiospongia  (fig.  16).     In  the  last,  we  have  a 
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globular  sponge,  provided  with  a  cup-shaped  cavity,  on  which 
the  oscula  open,  whilst  the  pores  open  upon  the  external  sur- 
face of  the  sphere.  It  was  a  calcareous  sponge,  enjoying  a 
free  mode  of  existence,  and  it  presents  points  of  decided 
affinity  to  the  recent  genus 
Grantia.  In  the  Upper  Silurian 
Rocks  occur  many  sponges, 
one    of   the    most   interesting  .^^ 

genera    being    Amphispongia,      '  ^f  \ 

comprising  calcareous  sponges,  ( 

obloDg  or  sub-clavate  in  shape, 

containing  a  central  cavity,  and  / 

probably  opening  above  by  a 
single  osculum.  On  this  hori- 
zon occurs  also  the  %txM%Fav0- 
spongia;  and  here,  as  well  as  in 

the  Lower  Silurians,  we  have  ,^  _g^^„^„  ^^  ^^y«*««,« 

the  singular  genus  Stromaio-  pnrm^rta,  a  lowo  Siiunan  Sponge 
pora,  which  will  be  spoken  of  ''^"^  K«">ert 
immediately.  In  the  Devonian  Rocks,  the  genus  Sparsispongia 
may  be  noted;  but  the  Carboniferous  series  has  hitherto 
proved  singularly  destitute  of  sponges.  In  the  Permian  Rocks 
it  is  worthy  of  notice  that  there  occurs  a  genus  described  by 
Geinitz  under  the  name  of  Spongillopsh,  and  believed  by  him 
to  be  most  nearly  allied  to  the  recent  fresh-water  sponges 
{Spongiila).  This  is  a  remarkable  fact  as  bearing  upon  Pro- 
fessor Ramsay's  view,  that  the  Permian  Rocks  were  deposited 
in  inland  waters  of  great  extent. 

Leaving  the  Paleozoic  series,  the  sponges  of  the  Triassic 
and  Jurassic  formations  call  for  no  special  remark,  except  that 
the  latter  series  abounds  with  examples  of  the  Caldspongite. 
It  b  in  the  Cretaceous  system,  however,  in  which  we  meet  with 
the  greatest  development  of  the  sponges.  The  flints  which 
form  such  a  characteristic  feature  in  the  White  Chalk  are,  in 
some  measure  at  any  rate,  "connected  with  the  periodic 
growth  of  large  crops  of  the  sponges  "  (Owen)  ;  and  in  some 
sections  of  flint  are  found  minute  "  spherical  bodies,  covered 
with  radiating  and  multicuspid  spines,"  which  have  been 
termed  Spiniferita  or  Xanihidia,  and  are  probably  the  "gem- 
mules  "  of  sponges.  (By  some,  however,  these  are  regarded 
as  being  the  "sporangia"  of  the  Desmtdia,  an  order  of  the 
Prctophyta^  The  two  most  notable  genera  of  Cretaceous 
Sponges  are  Sipkonia  and  Ventrkulites.  The  Siphonia  (fig.  17) 
belong  to  a  group  of  sponges  tenned  Peirospongiada,  from 
their  possession  of  a  stony  reticulate  skeleton  without  spicula. 
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They  consist  of  a  pear-shaped  mass,  supported  upon  a  longer 
or  shorter  stem,  which  breaks  up  at  its  base  into  a  number  of 
root-Uke  processes  of  attachment  At  the  summit  of  the  pyri- 
form  head  is  a  single  chimney-like  osculum.   In  many  respects 


the  aphonia  present  a  curious  resemblance  to  the  HoUenia 
of  the  Atlantic  ooze,  and,  like  these,  they  probably  were 
denizens  of  a  deep  sea.  The  genus,  however,  is  not  known 
to  occur  in  strata  younger  than  the  Chalk. 

Still  more  closely  allied  to  the  living  Holtmia  are  the  Vm- 
tricuiites  of  the  Chalk  (fig.  18).  These  "have  usually  the 
form  of  graceful  vases,  tubes,  or  funnels,  variously  ridged  or 
grooved,  or  otherwise  ornamented  on  the  surface,  frequently 
expanded  above  into  a  cup-like  lip,  and  continued  below  into 
a  bundle  of  fibrous  roots.  The  minute  structure  of  these 
bodies  shows  an  extremely  delicate  tracery  of  fine  tubes,  some- 
times empty,  sometimes  filled  with  loose  calcareous  matter 
dyed  with  peroxide  of  iron "  (Wyville  Thomson).  Like  the 
Sipkenia,  the  genus  Ventriculites  is  not  known  to  occur  above 
the  Chalk. 

The  Tertiary  Sponges  call  for  no  special  comment ;  but  it 
may  be  noticed  that  the  great  apparent  predominance  of  the 
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Homy  Sponges  in  our  present  seas,  may  be  explained  by  the 
fact  that  the  members  of  this  group  cannot  be  recognised  in  a 
fossil  state  except  by  their  sihceous  spicula,  and  that  these  are 
only  sometimes  present,  and  are  necessarily  very  difficult  of 
detection.  The  genus  Cliona  alone,  comprising  the  singular  I 
boring  sponges,  has  managed  to  survive  from  the  commence- 1 
ment  of  the  Paleozoic  period  to  the  present  day.  Shells 
mined  by  species  of  this  genus  occur  in  the  Silurian  Rocks, 
and  the  genus  is  well  represented  in  recent  seas. 

Fossils  of  doubtful  Affinities. — Before  leaving  the  Pro- 
losoa,  there  are  two  fossils  of  doubtful  relationships  which  may 
be  briefly  noticed — viz.,  Strotnalopora  and  Recipiaculites.  These 
show  points  of  affinity  to  the  Foraminifera  on  the  one  hand, 
and  the  Sponges  on  the  other  hand,  whilst  the  former  ap- 
proaches the  Corals  in  some  respects.  Both,  however,  may, 
with  the  greatest  probability,  be  regarded  -as  peculiar  types  of 
Sponges. 

Siro?natopora  (fig.  19)  forms  hemispherical,  globular,  or 
irregular  masses,  often  of  very  considerable  size,  and  sometimes 
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demonstrably  attached  to  shells.  In  its  structure,  Stromato- 
fora  consists  of  numerous  thin,  concentric  laminas,  penetrated 
by  minute  tubes,  the  mouths  of  which  appear  on  the  surface 
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of  each  lamina  as  minute  pores.  Species  of  the  genus  occur 
in  both  Lower  and  Upper  Silurian  strata,  and  in  the  Devonian 
series,  apparently  not  completely  disappearing  till  towards  the 
close  of  the  Triassic  period. 

Receptacutites  (fig.  20),   in  its  most   perfect   condition,   is 
described  by  Mr  Billings  as  being  "  of  a  discoid,  cylindrical, 
a  ovate,  or  globular  shape, 

hollow  within,  and  usually, 
if  not  always,  with  an 
aperture  in  the  upper  side. 
In  or  near  the  centre  of 
the  lower  side  there  is 
generally  to  be  seen  a 
small  rounded  protuber- 
ance, indicating,  most  pro- 
bably, the  position  of  the 
primitive  cell  or  nucleus 
from  which  the  animal 
commenced  its  growth. 
.  .  .  The  body-wall  is  of 
Fig.  ».-Di.«Bra  of  inc  iiruciun  of  Jfwr>  a  somewhat  complex  struc- 

«wkS/«,  Hitiimild  beihown  bjraTWtieilME-    ture.      It  COnslStS  Of  three 

UOB  of  a  pei&ct  •pecimcn.   «  The  uperlure  ill  ihe   _      .  _        .    _   i        j      _ 

(umniiii  b  The  inner  miegunwniic  The  ouier  parts — an  external  and  an 
't'^'t^t^^^r^°4i^':^^  internal  integument,  and, 

bund!  running  from  Ihe  ouitr  Id  ihe  inner  inugu-    between   thCSC,  a  peculiar 

n.«ntr<pr.KntU«.uba.  (A(i=r  Billings)  tubular  or  spicular  skele- 

ton." The  inner  and  outer  integuments  are  composed  of 
numerous  rhomboidal  calcareous  plates,  closely  fitting  together, 
and  arranged  in  peculiar  curved  rows,  giving  fragments  of  the 
fossil  very  much  the  appearance  of  the  engine-tumed  case  of  a 
watch.  The  inner  integument  differs  from  the  outer  in  being 
pierced  by  numerous  small  apertures,  which  open  into  the 
central  cavity,  an  aperture  being  placed  at  every  junction  of 
four  plates.  Lastly,  the  inner  and  outer  integuments  are  con- 
nected together  by  a  number  of  small  straight  cylindrical  tubes 
or  hollow  spicula.  The  late  Mr  Salter  regarded  Receptaculifa 
as  belonging  to  the  Foraminifera,  and  finding  its  nearest  living 
ally  in  OrbUoUtes.  Mr  Billings,  however,  points  out  that  it 
has  some  curious  points  of  resemblance  to  the  little  seed-like 
"gemmuie"  of  the  Fresh-water  Sponge;  and  he  regards  it  as 
being  on  the  whole  a  Sponge,  kiving  relationships  with  the 
Foraminifera.  RaeptaatUta  occura  in  both  Lower  and  Upper 
Silurian  strata,  as  does  the  nearly-allied  or  identical  genus 
hehadites. 
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CHAPTER    VIII. 

SUB-KINGDOM  IL— CCELENTERATA, 

Fossil  Hydrozoa. 

Sub-kingdom  II.  Ccelenterata. — Animals  whose  alimen- 
tary canal  communicates  freely  with  the  general  cavity  of  the  body 
("  somatic  cavity  "),  so  that  the  body-cavity  communicates  with  the 
outer  world  through  the  mouth.  Body  composed  of  two  funda- 
mental layers^  an  outer  layer  or  "  ectoderm^^  and  an  inner  layer  or 
"  endodermy  The  parts  of  the  body,  and  especially  the  organs 
round  t/ie  mouth,  arranged  in  a  star-like  or  radiated  form. 

Table  of  the  Divisions  of  the  C(elenterata. 

Class  A.  Hydrozoa. — The  walls  of  the  digestive  sac  not  separated 
from  those  of  the  general  body-cavity,  the  two  coinciding  with  one  another. 
Reproductive  organs  in  the  form  of  external  processes  ofthe  body-wall. 
Sub-class  1.  Hydroida  (Hydroid  Zoophytes). 
Order  i.  Hydrida,^Ex.  Hydra. 
Order  2.   Corynida, — Ex,  Tubularia. 
Order  3.   Thtcaphora. — Ex.  Sertularia,  Campanularia. 
Sub-class  II.  SiPHONOPHORA  (Oceanic  Hydrozoa). 
Order  4.  CalycophoritUe, — Ex,  Diphyes. 
Order  5.  Physophorida, — Ex,  Physalia. 
Sub-class  III.  DiscoPHORA  (Jelly-fishes). 

Order  6.  Medusida, — Ex.  i^gina. 
Sub-class  IV.  Lucernarida  (Sea-blubbers). 
Order  7.  Lucemariada. — Ex.  Lucemaria. 
Order  8.  Peiagida. — Ex,  Pelagia. 
Order  9.  Rhizostomida, — Ex,  Khizostoma. 
Sub-class  V.  GRAPTOLiTiDiE  (Graptolites.) 

Class  B.  Actinozo a.— Animal  with  a  differentiated  digestive  sac  open- 
ing below  into  tlie  body-cavity,  but  separated  from  it  by  an  intervening 
"perivisceral  space,"  which  is  divided  into  compartments  by  a  series  of 
radiating  vertical  partitions  or  "mesenteries,''  to  the  faces  of  which  the  re- 
productive organs  are  attached. 

Order  i.  Zoantharia,  —  Ex,    Sea-anemones,    Star-corals,    Brain- 
corals. 
Order  2.  Alcyonaria, — Ex,  Sea-pens,  Fan-corals,  Sea-shrubs,  Red- 

coral. 
Order  3.  Rugosa. — Ex,  Cyathophyllum. 
Order  4.  Ctenophora. — Ex,  Venus's  Girdle. 

The  Ccelenterata  appear  to  have  commenced  their  existence 
in  the  Cambrian  period,  at  which  time  both  the  great  classes 
of  the  sub-kingdom  were  differentiated  from  one  another.  So 
far  as  we  can  judge,  the  Coelenterate  animals  have  attained 
their  greatest  development  at  the  present  day ;  but  two  large 
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groups  (the  GrapiolHida  and  Hugosa)  are  wholly  extinct,  whilst 
the  group  of  the  Tabulate  Corals  is  now  much  reduced  in 
numbers.  The  above  conclusion  is  further  rendered  uncertain 
by  the  existence  in  the  sub-kingdom  of  some  groups  which, 
from  their  absence  of  hard  parts,  have  left  no  traces  of  their 
past  existence. 

Fossil  Hvdrozoa. 

Of  the  living  orders  of  Hydrozoa,  the  Fresh-water  Polypes 
(Hydridd)  and  the  Oceanic  Hydrozoa  {Calycophoridx  and 
Physophorida)  have  left  no  traces  of  their  former  presence,  as 
might  have  been  anticipated  from  their  want  of  hard  structures. 
The  order  of  the  Medusida  and  the  sub-class  Lucemarida 
{Jelly-fishes  and  Sea-blubbers)  are  equally  destitute  of  hard 
parts,  and  their  absence  from  the 
palxontological  record  might  have 
been  confidently  predicted.  Curi- 
ously enough,  however,  traces  of 
both  groups  have  been  detected  in 
the  fine-grained  lithographic  slates 
of  Solenhofen  and  Eichstadt.  Of 
the  MedtisidtE,  the  two  living  families 
of  the  j£^uoridiE  and  Trathyne- 
midte  have  been  recognised  by 
their  impressions  ;  and  an  ancient 
member  of  the  order  Rhizostomida 
represents  the  Lucernarida  in  the 
same  formation.  With  these  ex- 
ceptions, however,  the  only  living 
orders  of  Hydrozoa  which  have 
fossil  representatives  are  the  Cory- 
tiida  and  The^aphora,  both  of  which 
possess  a  chitlnous  or  homy  in- 
tegumentary skeleton.  In  neither 
case,  however,  can  the  evidence  be 
said  to  be  wholly  free  from  sus- 
picion. 

I.     CORYNIDA     or    TUBULARIDA 

(Pipe-Corallines.) — Animal  simple, 
consisting  of  a  single  polypi te;  or 
compound,  consisting  of  several poly- 
pites  united  to  one  another  by  a  common  flesh  or  aenosarc.  The 
eeenosarc  pncrally  secretes  a  hard  chilinous  outer  covering  or 
"polypary;  "  but  the  separate  polypites  are  never  proteded  by  cup- 
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like  expansions  of  the  polypary.     Type  of  the  order,  Tubuiaria 

(fig.    2l). 

Two  genera,  viz.,  Palaocoryne  and  Cerynoides,  have  been  re- 
ferred to  the  Corynida,  but  in  neither  case  is  the  reference  free 
from  doubt     Palaocoryne  (fig.  22)  is  a  minute  organism  which 


"(A^  Duncan  uliTjcnS'iii.) 


was  discovered  by  Dr  Martin  Duncan  and  Mr  Jenkins  grow- 
ing attached  to  the  margins  of  Lace-corals  {Fenestellce)  in  the 
Carboniferous  Rocks  of  Scotland.  Its  base  is  expanded,  with 
finger-like  processes  of  attachment.  From  the  base  rises  a 
short  robust  stem,  which  is  marked  with  flutings  and  super- 
ficial granulations.  The  stem  terminates  in  a  single  polypite, 
the  mouth  of  which  is  surrounded  by  a.  single  whorl  of  slender 
processes  or  "  tentacles,"  in  the  centre  of  which  is  the  mouth. 
The  entire  polypary,  as  above  described,  is  "  calcareous,  dense, 
and  ornamented."  In  one  living  form  only  (viz.,  Bimerid)  is 
the  polypary  continued  along  the  tentacles  and  upper  part  of 
the  body  of  the  polypite,  and  in  this  case  the  polypary  is  simply 
of  the  consistence  of  parchment.  This  peculiarity,  therefore, 
with  the  possession  of  a  caicareous  polypary,  renders  the  refer- 
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ence  oiPalauxorym  to  the  order  Coryntda  not  wholly  tree  from 

doubt 
The  genus  Corynoides  was  proposed  by  the  author  for  some 
singular  fossils  from  the  Lower  Silurian 
Rocks  of  Scotland.  Each  consists  of 
a  cylindrical  corneous  tube  (fig.  23I, 
tapering  towards  the  base,  where  it  is 
furnished  with  two  small  spines,  and 
expanding  above  into  a  species  of 
toothed  cup.  Corynoides  consists  of  a 
single  polypite,  and  in  this  respect  may 
be  compared  with  some  living  Cory- 
ntda. It  would  seem,  however,  not  to 
have  been  attached  to  any  foreign 
body — as  all  living  Corynids  are — 
and  its  true  affinities  are  thus  rendered 
uncertain. 
II,  Thecaphora   (or   Seriularida   and    Campamdarldd). — 

Animal  compound,  rooted  and  plant-like,  consisting  of  numerous 
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polypita  united  by  common  fiesh  or  mnosarc.     Tite  c 

more  or  less  bramhed,  and  secretes  a  strong  ehitinous  investment  or 

"Pofypary."     TTie  polypites   are  also  protected  within  "  hydro- 
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tfieca,"  or  little  cup-like  expansions  derived  from  the  polypary. 
Tlie  process  of  reproduction  is  carried  on  by  the  development  of 
the  reproductive  elements  within  horny  urn-like  sacs,  which  are  of 
larger  size  than  the  "  hydrotheca"  and  are  known  as  "  ovarian 
eapsu/es"  or  "gonotheca"  {often  called  " gonophores").  Typeoj 
the  order,  the  Sea-fr  {Sertularia,  fig,  24). 

As  in  the  case  of  the  Corynida,  there  is  some  uncertainty  as 
to  the  existence  of  any  fossil  representatives  of  this  order.  No 
undoubted  Sertularian,  at  any  rate,  is  as  yet  known  to  the 
palaeontologist ;  but  there  are  several  genera  which  may  with 
more  or  less  probability  be  referred  to  this  place.  The  most 
important  of  these — as  being  those  in  which  the  reference  is 
probably  correct — are  certain  foims  usually  referred  to  the 


Fig  ij  —Dtndrtrm^ia  Hallie- 
tioDof  ahrancli^  cnhuEcd;  f  The  f d 
nut.    (AdcrHalL) 

Graptolitida,  of  which  the  genera  Dendrograpsus  and  Dicty- 
onema  may  be  noticed  in  particular.  The  forms  referred  to 
Deftdrograpstis  are  exclusively  confined  to  the  Upper  Cam- 
brian and  Lower  Silurian  formations.  They  consist  of  plant- 
like spreading  and  branched  growths,  which  are  furnished  with 
a  Strong  footstalk  (fig.  25).  In  all  probability  the  organism 
was  attached  by  the  base  of  the  footstalk  to  some  foreign 
body,  but  no  actual  demonstration  of  this  has  as  yet  been 
obtained.    The  branchlets  carry  upon  one  side  a  series  of 
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little  chittnous  cups  or  "  cellules,"  each  of  which  must  have 
contained  a  polypite,  and  which  agree  with  the  similar  struc- 
tures of  the  Graptolites  in  partially  overlapping  one  another  ; 
thus  differing  from  the  "  hydrothecse  "  of  the  Sertularians. 

la  Dktyonema  (fig.    36)    we  have  organisms  resembling 
Dmdregrapsus  in  many  respects,  but  not  possessing  any  fool- 


Fig.  ifi.—Oiclymma  nti/trmt.  Ha]].    (Aft«  Hi]].) 

Stalk.  The  frond  is  branched  and  plant-like,  and  is  fan-shaped 
or  funnel-shaped  in  form.  It  is  not  certainly  known  whether 
the  organism  was  attached  by  its  base  or  not ;  but  there  is  the 
strongest  probability  in  favour  of  its  having  been  fixed.  The 
branches  radiate  from  the  base,  running  nearly  parallel  with 
one  another,  and  often  bifurcating.  They  are  united  to  one 
another  at  short  intervals  by  numerous,  irregular,  slender, 
transverse  processes  or  dissepiments,  and  they  bear  small 
horny  cups  or  "  cellules  "  like  those  of  the  Graptolites.  Dk- 
tyonema ranges  from  the  Upper  Cambrian  to  the  Middle 
Devonian.  The  genus  bears  a  close  superficial  resemblance 
to  the  FmestdUz  or  Lace-corals  {belonging  to  the  Polyzoa) ; 
but  the  latter  have  a  calcareous  skeleton,  and  have  no  "  cel- 
lules." Besides  the  above-mentioned  genera,  Callograpsus 
and  Ptilograpsus  may  with  great  probability  be  referred  to  the 
Sertularida ;  as  may,  perhaps,  be  the  obscure  fossils  Btttho- 
grapsus  and  Tkamno^apsus.  All  these  genera  are  Silurian  or 
Upper  Cambrian  in  age. 
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Oldhamia. — ^The  singular  fossils  described  under  the  genus 
Oldhamia  may  be  noticed  here,  as  they  have  been  referred  to 
the  Hydrosoa  ;  though  their  true  nature  is  altogether  uncertain. 
Oldhamia  occurs  in  certain  green  and  purple  grits  of  Lower 
Cambrian  age,  at  Bray  Head,  in  Wicklow,  Ireland,  They 
occur  in  great  abundance,  matted  together,  and  spreading  over 
the  surfaces  of  the  strata,  Old- 
hamia antiqua,  the  commonest 
species,  consists  of  a  central 
thread-like  axis  from  which 
spring  bundles  or  umbels  of 
short  radiating  branches  (fig.  37), 
at  regular  intervals.  Each  brandi 
"  is  formed  of  a  series  of  articu- 
larions  marking  the  positions  of 
minute  cells  "  (E.  Forbes).  Old- 
hamia has  been  variously  refer- 
red to  the  Sertularian  Zoophytes, 
to  the  Polyzoa,  and  to  the  vege- 
table kingdom.  The  most  pro- 
bable conjecture  would  refer  the 
genus  to  the  calcareous  sea- 
weeds (Salter). 

Ill,  Sub.classGraptolitid« 
(Graptolites).— The  Graptolites 
form  a  very  large  and  important 
family  of  fossils  which  usually  present  themselves  in  the  shape 
of  homy  linear  bodies,  toothed  or  serrated  upon  one  or  both 
sides,  and  often  combined  into  more  or  less  complex  systems. 
If  we  disregard  the  genus  Didyomma,  which  is  best  referred 
elsewhere,  the  Graptolites  have  an  extremely  definite  range  in 
point  of  time,  being  exclusively  confined  to  the  Upper  Cam- 
brian and  Silurian  deposits.  They  attain  their  maximum  of 
development  in  the  Upper  Cambrian  Rocks  (Quebec  group  of 
Canada  and  Skiddaw  Slates  of  England),  are  abundantly  re- 
presented in  the  Lower  Silurian,  and  die  out  altogether  before 
the  close  of  the  Upper  Silurian  period. 

Excluding  the  genera  Dictyonema,  Datdrograpsus,  Plilograp- 
,  sus,  and  Callograjisus,  the  Graptolitidm  may  be  defined  by  the 
possession  of  a  compound  poiypary,  consisting  of  a  tubular 
chitinous  investment  enclosing  the  ccenosarc,  giving  origin  to 
numerous  cup-like  "  cellules  "  or  "  hydrothecie,"  each  of  which 
protected  a  polypite.  The  poiypary  was  free,  and  was  not  at- 
tached to  any  foreign  body ;  and  the  polypites  were  not  sepa- 
rated from  the  ccenosarc  by  any  partition.     Lastly,  the  poly- 
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paiy  was  almost  always  strengthened  by  a  chitinous  rod  or  fibre, 
which  is  termed  the  "  solid  axis/'  and  which  is  somewhat  analo- 
gous to  the  chitinous  rod  described  by  Dr  AUman  in  the 
singular  Polyzoon,  Rhabdophura. 

From  the  above  definition,  it  will  be  seen  that  the  Grapto- 

lites  agree  with  the  living  Sertulari- 
ans  in  possessing  a  corneous  poly- 
pary,  which  not  only  invests  the  coeno- 
sarc,  but  is  expanded  into  little  cups 
or  "  hydrothecae, "  within  which 
^  each  polypite  is  protected.  The 
Graptolites,  however,  difier  firom  the 
Sertularians  in  the  fact  that  the  poly- 
pary  was  unattached,  and  apparently 
free-floating,  whilst  it  has  not,  except 
in  a  few  cases,  anything  like  the  plant- 
like appearance  of  the  latter.  Further, 
the  hydrothecae  of  the  Graptolites, 
Q  except  in  the  genus  Rastrites^  always 
more  or  less  overlap  one  another ; 
whereas  those  of  the  Sertularians  are 
not  in  contact  Lastly,  no  Sertula- 
rian  exhibits  any  structure  which  can 
be  compared  with  the  "  solid  axis  *' 
J)       of  the  Graptolites. 

Taking  such  a  simple  Graptolite 
as  G,  priodon  (fig.  28),  or  G.  sagitta- 
iitel%^.  °X  Gr^il/it^^-  rius  (fig.  29,  A),  as  the  type  of  the  sub- 

«^?i*    Bronn,  preserved  in  relief :    claSS,  the  polypaiy  is  SCCn  tO  COnsist 
lateral  view  slightly  enlarged.     B,        -,  f  1  '   ^  ^ 

Dorsal  view  of  a  fragment  of  the  of  thrcc  elcmeuts,  which  are  known 

same    species:    considerably    en-    __    xL,^    ««  cnliM    avit:  "    tfi^     « rnmmnn 
larged.    C.  Front  view  of  a  frag-    ^^   tnC       SOllQ   aXlS,       inc        COmmon 

ment  of  the, same,  showing  the  Canal,"    and    the    "  cellulcs.*'     The 

mouths  of.  the  cellules:  much  en-    //       i«j         •!>*  i*j*      i^i 

larged.     D,  Transverse  section  of       SOlld   axIS       IS  a   Cylindncal  fibrOUS 

the  same.     All  from  the  base  of  the    rod  which   givCS  SUpport   tO   the    COr- 
Coniston  Flags.    (OngmaL)  j^ri      mi  1  rr.i 

neous  and  flexible  polypary.  The 
term  "  solid"  is  probably  a  misnomer;  for  it  was  almost  certainly 
hollow,  and  filled  with  living  material.  It  appears  to  be  absent  in 
the  genus  Rastrites^  and  in  Retiolites  Geinitziantis,  but  some  un- 
certainty rests  upon  this  point  As  a  very  general  rule,  it  is 
prolonged  as  a  longer  or  shorter  naked  rod  beyond  one  or  both 
ends  of  the  polypary,  and  either  extension  may  be  more  or  less 
dilated.  Its  basal  prolongation,  with  or  without  an  accom- 
panying extension  of  the  common  canal,  is  termed  the  "radicle," 
or  "  initial  point,"  as  marking  the  organic  base  of  the  frond. 
The  "  common  canal "  is  the  tube  in  which  the  coenosarc 
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was  enclosed ;  but  it  commonly  appears,  in  compressed  speci- 
mens, merely  as  a  vacant  space  between  the  "  cellules "  and 
the  solid  axis.  The  common  canal  gives  origin,  by  a  process 
of  budding,  to  the  "  cellules  "  or  "  hydrothecse,"  which  are  little 
homy  cups  for  the  reception  of  the  polypites.     Each  cellule 


B 


Fig.  29. — A,  Young  individual  of  GraptolUes  Sagittarius^  His.,  showing  the  slender 
curved  base  of  the  frond,  and  the  extension  of  the  axis  beyond  its  opposite  end  ;  B,  Base  of 
another  individual  of  the  same,  in  which  there  is  an  extremely  long  "  radicle ; "  C,  Frag- 
ment of  G.  Sagittarius^  much  enlarged  to  show  the  cellules — from  a  specimen  in  relief; 
IX  Specimen  of  GraptoUtes  Clingani,  Out.,  showing  the  distal  and  proximal  extensions 
of  the  axis. 

rests  by  its  base  upon  the  common  canal,  is  separated  from  its 
neighbours  by  "  cell-partitions,"  and  opens  at  its  apex  by  a 
distinct  aperture  or  "  cell-mouth,'*  through  which  the  polypite 
could  exsert  its  tentaculate  head. 

The  reproductive  process  appears,  in  some  cases,  at  any  rate, 
to  have  been  carried  on  by  the  formation  at  certain  seasons  of 
homy  capsules,  of  much  greater  size  than  the  cellules,  within 
which  the  generative  elements  were  matured.  In  some  cases 
these  "  ovarian  vesicles  "  have  been  found  actually  attached  to 
the  fronds  of  Graptolites.  In  other  cases,  as  described  by  the 
writer,  we  find  numerous  bell-shaped  homy  capsules  (fig.  30), 
each  with  a  little  spine  at  its  summit,  scattered  through  the 
rock  in  which  the  Graptolites  occur,  but  only  doubtfully 
attached  to  the  fronds  of  the  latter.  These  we  may  infer  to 
have  been  "  ovarian  vesicles ; "  but  they  differ  from  the  bodies 
so  called  in  the  Sertularians  in  becoming  detached  from  the 
parent  colony. 

Two  leading  types  may  be  distinguished  amongst  the  Grap- 
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tolites,  which  are  termed  respectively  "  monoprionidJan  "  and 
"  diprionidian." '  The  monoprionidian  graptolites,  such  as  G. 
priodon  (fig.  38),  are  distinguished  by  the  fact  that  the  polypary, 


whether  simple  or  branched,  possesses  but  a  single  row  of  cel- 
lules or  "  hydrothecas."  In  the  diprionidian  forms,  on  the  other 
hand,  as  in  Diplograpsus  (fig.  35),  the  polypary  possesses  a  row 
of  cellules  on  each  side.  It  is  noticeable  that  the  diprionidian 
graptolites,  with  rare  exceptions,  are  confined  to  the  Lower 
Silurian  and  Cambrian  Rocks;  whilst  the  monoprionidian  forms 
range  from  the  Cambrian  to  the  summit  of  the  Upper  Silurian 
series. 

At  least  sixteen  genera  of  Graptolites,  as  here  restricted,  are 
known  to  science ;  but  it  will  be  ^ 
sufficient  to  give   the  diagnost 
characters  of  a  few  of  the  com- 
monest   and     more    important 
types.     In  the  genus  Graptolites 
(figs.   28,   29),   the  polypary  is 
simple,  linear,  possessing  but  a 
single  row  of  cellules  on   one 
side,  and  commencing  by  an  at- 
tenuated, usually  curved,  base. 


Species  of  this  genus  are  found  from  near  the  base  of  the 
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Lower  Silurian  series  to  the  very  summit  of  the  Upper  Silurian 
deposits. 

In  the  genus  Didymograpsus  ^fig.  31),  the  polypary  con- 
sists of  two  simple  monoprionidian  branches,  which  spring 
from  a  common  point,  which  is  almost  invariably  marked  by 
a  small  spine-like  '^  radicle/'  The  genus  attains  its  maximum 
in  the  Quebec  group  of  Canada  and  Skiddaw  slates  of  Eng- 
land (Upper  Cambrian),  and  is  well  represented  in  the  earlier 
portion  of  the  Lower  Silurian  period  (Llandeilo  Rocks)  \  but 
no  species  of  the  genus  is  known  as  late  as  the  Upper  Silurian 
period. 

In  the  genus  Teiragrapsus  (fig.  32),  the  polypary  consists  of 
four  simple  monoprionidian  branches,  springing  from  a  central 

non-celluliferous  connecting 
process,  which  bifurcates  at 
each  end.  The  celluliferous 
branches  do  not  subdivide, 
and  the  base  may  be  en- 
veloped in  a  peculiar  cor- 
neous "disc,"  as  will  be  im- 
mediately described  in  the 
genus  Dichograpsus,  The 
species  of  Teiragrapsus  are 
exclusively  confined  to  the 
Skiddaw  and  Quebec  groups 
(Upper  Cambrian). 

In  the  genus  Dichograp- 
sus  there  are  more  than  four 
(usually  eight)  simple  mono- 
prionidian branches,  which 
arise  from  the  same  number 
of  divisions  of  a  non-cel- 
luliferous basal  process.  In 
many  cases  the  divisions  of 
the  basal  connecting  pro- 
cess (fig.  33),  are  enveloped 


F>g<  y^'—Dick^grapnu  octohrachiaius^  showing  the  central  disc  (aAer  Hall)L 

Skiddaw  and  Quebec  groups. 
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in  a  species  of  corneous  "  disc"  or  plate,  which  is  believed 
to  have  been  composed  of  two  laminae.  The  functions  of 
this  disc  are  doubtful;  but  it  has  been  compared  with  the 
"  float "  or  buoy  of  the  Physophorida,  an  order  of  the  Oceanic 
Hydrozoa. 
In  the  genus  Rastrites  (fig.  34),  the  polypary  consists  of  a 


A 


B 


Fig.  34.  Morphology  of  Rastrites. — ^A,  Rastrites  peregrinuSf  Ban*.,  from  the  Mud- 
stones  of  the  Coniston  Series,  enlarged.  B,  Rastrites  cafiliaris,  Carr.«  from  the  Upper 
Llandeilo  Shales  of  Dumfriesshire,  enlarged.  C,  Fragment  of  Rastrites  Linneeiy  Barr. , 
from  the  Coniston  Mudstones,  enlarged.  D,  Fragment  of  R.  peregrinus^  greatly  en- 
larged, sboMring  the  impressed  line  running  up  the  centre  of  each  cellule.    (Original.) 

slender  axial  tube,  giving  oflf  on  one  side  a  series  of  linear  tubu- 
lar cellules  or  "  hydrothecae,"  which  are  free  throughout  their 
entire  length.  The  genus  differs  from  all  the  other  Graptolites, 
in  the  fact  that  the  cellules  do  not  overlap  one  another,  but  are 
free  through  their  whole  length,  whilst  it  is  very  doubtful  if  a 
true  "  solid  axis  "  is  present.  In  Britain  and  North  America 
the  species  of  Rastrites  are  exclusively  confined  to  the  Lower 
Silurian  Rocks,  but  in  Bohemia  they  pass  up  into  the  lowest 
beds  of  the  Upper  Silurian. 

In  the  genus  Dipiograpsus  (fig.  35),  the  polypary  consists  of 
two  simple  monoprionidian  stipes,  firmly  united  to  one  another, 
back  to  back.  The  frond,  therefore,  is  "diprionidian,"  or  carries 
cellules  on  both  sides.  The  solid  axis  is  usually  prolonged 
beyond  the  base  of  the  polypary  as  a  longer  or  shorter  process 
or  "  radicle,"  which  is  often  flanked  by  lateral  spines.  The 
solid  axis  is  also  almost  invariably  prolonged  beyond  the  op- 
posite or  "  distal "  end  of  the  polypary  as  a  naked  rod.  In  the 
nearly-allied  genus  Ciimacograpsus^  the  structure  is  much  as 
above  described,  but  the  cellules  have  such  a  structure  that 
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their  mouths  appear  to  be  sunk  below  the  general  surface  of 
the  polypary,  forming  a  row  of  rounded  or  quadrangular  open- 
ings on  each  side.  Both  Dip- 
hgrapsus  and  Climacograpsus 
range  in  Britain  and  North 
America  from  the  Upper  Cam- 
brian to  the  summit  of  the 
Lower  Silurian  series ;  but  in 
Bohemia  they  rise  into  the 
lower  portion  of  the  Upper 
Silurian  deposits.  In  the  genus 
Dicranograpsus  the  polypary  is 
at  first  diprionidian,  but  soon 
splits  into  two  monoprionidian 
branches  which  carry  the  cel- 
lules along  their  outer  margins. 
The  genus  is  exclusively  Lower 
Silurian.  Lastly,  the  beautiful 
genus  Phyttograpsus  may  be 
regarded  as  composed  of  two 
Diplograpsi  placed  at  right 
angles  to  one  another.  It  is 
exclusively  confined  to  the 
Skiddaw  and  Quebec  Rocks.* 


*  The  Student,  desirous  of  fuUer 
information  on  this  subject,  may  con- 
sult the  author's  'Monograph  of 
the  British  Graptolitidse,'  Part  I., 
General  Introduction ;  where  full  de- 
tails are  given  as  to  the  morphology 
and  affinities  of  these  singular  fossils. 


Fig.  35. — A,  Dipiogra^sus  pristiSf 
His.,  sligntly^  enlarged,  showing  the 
normal  condition  of  the  base ;  B,  Another 
example  of  the  same,  slightly  enlarged, 
showing  a  long  radicle,  and  long  lateral 
spines ;  C,  Another  of  the  same,  en- 
larged, showing  lateral  spines,  succeeded 
proximally  by  a  small  bulb,  but  showing 
no  true  radicle.    (Original.) 


CHAPTER  IX. 


FOSSIL  ACTINOZOA. 

Of  the  living  groups  of  the  Adinozoa  (see  Table,  p.  73),  the 
Ctenophora  and  the  Sea-anemones  (Zoantharia  malacodermatd)^ 
from  their  absence  of  hard  parts,  are  unknown  in  a  fossil  con- 
dition. The  remaining  groups — viz.,  ^Q2^anihariasci^obasicay 
Zoantharia  scierodermata^  Aicyonarta,  BXidl^ugvsa — secrete  a  hard 
skeleton,  which  is  known  by  the  general  name  of  the  "  coral " 
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OT  "corallum."  All  these  groups,  therefore,  are  known  as 
fossils;  but  they  are  of  veiy  unequal  importance.  The  Zoan- 
tharia  scUrobasiea  and  Alcyonaria  are  known  by  very  few  fossil 
representatives,  and  require  to  be  little  more  than  mentioned. 
The  Zoantharia  sderodermata  and  Rugosa,  on  the  other  hand, 
have  left  very  numerous  and  interesting  traces  of  their  fonncr 
existence  —  the  latter  being  almost  altogether  extinct, — and 
both  will  require  to  be  noticed  at  some  length.  Regarded 
as  a  whole,  the  class  of  the  Adinoioa  appears,  so  far  as  we  yet 
know,  to  have  commenced  its  existence  in  the  Upper  Cam- 
brian period,  and  to  have  attained  its  maximum  of  develop- 
ment at  the  present  day. 

Order  I. — Zoantharia. 

Ttntacles  simflt,  rounded  ;  soft  farts  in  maltipUs  of  jive  or  tix. 
Sub-order  I.  Zeantharia  malacodcrmata. — Ex,  Sea-anemone. 
„         2.   Zoantharia  scltrobasica.~Ex.  Antipathes. 
„        3.  Zoantharia  sderodermata. — fj;.  Recf-building  Conla. 

A.  Zoantharia  Malacodermata- — Though,  from  their  soft 
nature,  unknown  in  a  fossil  condition,  the  Sea-anemones  merit 
a  brief  description  here,  as  they  may  be  taken  as  the  types  of 
the  order,  and  as  the  somewhat  complicated  structure  of  the 
sclerodermic  coral  will  thereby  be  rendered  much  more  intel- 
l^ble. 


di  <^),  (nd  (be  body-cnTiiy  (f). 

The  body  of  a  Sea-anemone  {fig.  36)  is  a  truncated  cone,  or 
a  short  cylinder,  termed  the   "  column,"  and   is  of  a  soft, 
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leathery  consistence.  The  two  extremities  of  the  column  are 
termed  respectively  the  "  base  "  and  the  "  disc," — the  former 
constituting  the  sucker,  whereby  the  animal  attaches  itself  at 
will^  whilst  the  mouth  is  situated  in  the  centre  of  the  latter. 
In  a  few  cases  {Cerianthus  and  Peachia)  the  centre  of  the  base 
is  perforated,  but  the  object  of  this  arrangement  is  unknown. 
Between  the  mouth  and  the  circumference  of  the  disc  is  a  fiat 
space,  without  appendages  of  any  kind,  termed  the  **  peris- 
tomial  space."  Round  the  circumference  of  the  disc  are 
placed  numerous  tentacles,  usually  retractile,  arranged  in  alter- 
nating rows,  and  amounting  to  as  many  as  200  in  number  in 
the  common  Actinia,  The  tentacles  are  tubular  prolongations 
of  the  ectoderm  and  endoderm,  containing  diverticula  from 
the  somatic  chambers,  and  sometimes  having  apertures  at 
their  free  extremities.  The  mouth  leads  directly  into  the 
stomach,  which  is  a  wide  membranous  tube,  opening  by  a 
large  aperture  into  the  general  body-cavity  below,  and  extend- 
ing about  half-way  between  the  mouth  and  the  base.  The 
wide  space  between  the  stomach  and  column-wall  is  sub- 
divided into  a  number  of  compartments  by  radiating  vertical 
lamellae,  termed  the  "  primary  mesenteries,"  arising  on  the  one 
hand  from  the  inner  surface  of  the  body-wall,  and  attached  on 
the  other  to  the  external  surface  of  the  stomach.  As  the 
stomach  is  considerably  shorter  than  the  column,  it  follows 
that  the  inner  edges  of  the  primary  mesenteries  below  the 
stomach  are  free ;  and  these  free  edges,  curving  at  first  out- 
wards and  then  downward  and  inwards,  are  ultimately  attached 
to  the  centre  of  the  base.  Besides  the  primary  mesenteries, 
there  are  other  lamellae  which  also  arise  from  the  body-wall, 
but  which  do  not  reach  so  far  as  the  outer  surface  of  the 
stomach,  and  are  called  "  secondary"  and  "  tertiary"  mesen- 
teries, according  to  their  breadth.  The  reproductive  organs 
are  in  the  form  of  reddish  bands,  which  contain  ova  and  sper- 
matozoa, and  are  situated  on  the  faces  of  the  mesenteries. 

B.  ZoANTHARiA  ScLEROBASiCA.  —  The  members  of  this 
group  are  all  composite  organisms,  consisting  of  numerous 
polypes,  each  of  which  has  essentially  the  structure  of  a  small 
Sea-anemone,  united  together  by  a  common  organised  medium 
or  "coenosarc"  (fig.  37).  Each  polype  has  six  tentacles, 
and  the  entire  organism  is  supported  by  an  internal  skeleton 
or  "  corallum."  The  coral  is  homy,  and  it  is  what  is  called 
''sclerobasic;"  that  is  to  say,  it  forms  an  internal  axis,  over 
which  the  coenosarc  is  spread,  much  as  the  bark  encloses  the 
wood  of  a  tree.  As  the  polypes  are  sunk  in  the  coenosarc, 
and  as  this  simply  forms  a  rind  for  the  coral,  it  follows  that 
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the  polypes  are  outside  the  corallum.  In  other  words,  the 
polypes  take  no  part  in  the  secretion  of  the  corallum;  but  this 
IS  deposited  solely  by  the  coenosarc  or  common  flesh  by  which 
the  polypes  are  connected  together. 


Fig.  37.— Part  of  a  living  stem  of  Antipathes  anguina,  of  the  natural  size. 

(After  Dana.) 

The  jZoantharia  sdcrobasica  are  not  known  as  occurring  in 
either  the  Palaeozoic  or  Mesozoic  period.  They  appear  for 
the  first  time  in  Tertiary  deposits,  and  the  genus  Antipathes 
is  represented  in  strata  of  Miocene  age. 

C.     7X)ANTHARIA    SCLERODERMATA.  —  This   grOUp    includcS 

most  of  the  so-called  "  corals,"  and  is  of  very  high  geological 
importance.  All  the  members  of  this  group  secrete  a  skeleton 
or  "corallum,"  and  this  is  necessarily  the  only  part  of  the 
animal  with  which  the  palaeontologist  has  to  deal  \  so  that  it 
becomes  necessary  to  enter  into  its  structure  at  some  length. 
The  animal  itself,  in  the  Zoantharia  scierodermaia,  in  its  essen- 
tial structure  resembles  a  sea-anemone ;  but  it  very  often  has 
the  power  of  repeating  itself  by  budding  (gemmation)  or  cleav- 
age (fission),  so  that  from  a  simple  it  becomes  a  compound 
organism.  It  may  therefore  consist  of  a  single  **  polype,"  or 
of  many  similar  polypes  united  by  a  common  flesh  or  "  coeno- 
sarc.*' The  corallum  is  what  is  called  "sclerodermic,"  its 
essential  peculiarity  being  that  it  is  secreted  by  the  polype  or 
polypes.  The  sclerodermic  coral,  in  fact,  is  an  actual  calcifi- 
cation of  part  of  the  tissues  of  the  polype.  When,  therefore, 
we  have  a  simple  coral,  produced  by  a  simple  member  of  this 
group  (as  in  fig.  38),  we  have  clearly  to  do  with  nothing  but 
skeletal  structures  produced  in  the  interior  of  the  polype  itself. 
When,  on  the  other  hand,  we  have  a  compound  sclerodermic 
coral  to  deal  with,  we  have  usually  more  than  this.  W^e  have, 
namely,  two  parts  or  elements  of  the  coral  to  consider:  i. 
The  parts  of  the  coral  secreted  by  each  individual  polype;  and, 
2.  The  parts  secreted  by  the  coenosarc  which  unites  all  the 
polypes  into  an  organic  whole.  A  compound  coral  may  be 
theoretically  regarded,  therefore,  as  consisting  of  a  greater  or 
less  number  of  simple  corals,  such  as  the  preceding,  united 
together  by  a  greater  or  less  quantity  of  calcareous  matter 
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secreted  by  the  ccenosarc  (fig.  40).     The  entire  compound 
corallum  consists,  therefore,  of  a  greater  or  less  number  of 


"  corallites "  bound  tt^ether  by  a  calcareous  basis,  which  is 
secreted  by  the  ccenosarc,  and  is  called  the  "  ccenenchyma." 


Fig.  ^SjrnAeJj'a  SAtir/tamA 

In  practice,  however,  this  theoretical  view  of  the  subject  is  not 
always  bome  out  The  compound  corallum  may,  and  often 
does,  consist  (as  in  fig.  41)  of  a  number  of  corallites  produced 
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by  budding  or  cleavage  from  a  primitive  corallite,  having  their 
outer  walls  closely  amalgamated,  but  not  sunk  in  any  general 
coenenchyma.  In  other  cases,  the  coencnchyma,  though  not 
actually  absent,  is  very  much  reduced  in  <]uantity. 


ipoiud  fclerDdcrmic  CoivL 

To  comprehend  the  more  intimate  structure  of  a  sclero- 
dermic coral,  we  may  take  a  single 
"corallite"  of  a  composite  form — or, 
better,  the  simple  corallum  secreted  by 
a  form  which  never  repeats  itself  by 
gemmation  or  cleavage  (fig.  42).  Such 
a  coral  consists  of  an  outer  wall,  which 
encloses  an  internal  space  or  chamber, 
and  which  assumes  very  various  forms. 
We  may,  however,  take  the  simplest 
and  commonest  form,  in  which  the  coral 
s  conical  or  turbinate  in  shape  (fig.  43). 
The  outer  wall  of  this  cone  is  called  the 
A™*»lih''iB'co^  the  "  t^^*^>"  ^""^  ''  encloses  a  space  which 
c^,  wi'ih  'ihc  caiumdii  is  variously  Subdivided  below,  but  which 
A  'po™"of°waif°(j  "tSi  ^^s  ^^  ^^^^  "'^  ^  shallower  or  deeper 
thta  ii  i«|ktn,_  in  or^  conical  cup  towards  its  summit.  This 
w^w     mienor  vacant  space  is  called  the  "  calice,"  and 

in  the  living  state  it  contains  the  sto- 
machal sac  of  the  polype.  The  space  below  the  calice  is 
broken  up  into  a  number  of  vertical  compartments  or  "loculi," 
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by  a  series  of  upright  partitions  or  "  septa,"  which  spring  from 
the  inner  surface  of  the  theca,  and  advance  toward  its  centre. 
Very  commonly  some  of  the  septa  unite  centrally  with  a 
median  calcareous  rod,  which  extends  vertically  from  the 
bottom  of  the  theca  to  the  bottom  of  the  calice  (sometimes 
projecting  into  the  latter),  and  which  is  called  the  "  columella." 
The  columella,  however,  is  often  wanting,  or  a  spurious  one 
may  be  formed  by  the  twisting  together  or  coalescence  of  the 
inner  edges  of  the  septa.  In  rare  cases,  also,  the  septa  them- 
selves are  wanting.  The  septa,  further,  are  of  different 
breadths.     A  certain  number  (fig.  43)  extend  quite  to  the 


u  of  cora]i.  A,  Seeliim  of  aclerodennic  coial,  ihowing 
.  and  CDiue  (c)  ;  B,  Secuon  of  RugoK  con],  lowing 
he  ptimary  Kpca  in  leca  tha  kccooduy  and  tettiary 


centre  of  the  coral,  where  they  meet  the  columella  (when  this 
is  present).  These  are  called  the  "  primary  septa."  Others, 
however,  fall  short  of  the  columella  by  a  greater  or  less  dis- 
tance;  and  these  are  called  "secondary"  and  "tertiary" 
septa,  according  to  their  breadth. 

The  above  is  the  essential  structure  of  the  typical  form  of  a 
simple  sclerodermic  coral,  and  it  is  easy  to  see  that  it  is  pro- 
duced by  the  calcification,  or  conversion  into  carbonate  of 
lime,  of  the /(Wc^r  portion  of  a  polype  similar  in  structure  to 
an  ordinary  Sea-anemone.  The  "  theca"  of  the  coral  corre- 
sponds to,  and  is  secreted  by,  the  "  columnrwail "  or  general 
wall  of  the  body  of  the  polype.  The  "  septa,"  again,  corre- 
spond with  the  "  mesenteries,"  and,  like  them,  are  "  primary," 
"  secondary,"  or  "  tertiary,"  according  as  they  reach  the  centre 
or  fall  short  of  it  by  a  greater  or  less  distance.  We  must  re- 
member, however,  that  it  is  only  the  mferior  half  of  the  body 
of  the  polype  which  is  thus  calcified.  The  tentacular  disc  and 
mouth  are  placed  at  some  distance  above  the  upper  margin  of 
the  theca,  and  the  digestive  sac  occupies  the  calice;  whilst 
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die  whole  ot  the  space  comprised  within  the  theca  is  lined  by 
fl»e  endoderm,  and  the  whole  of  its  outer  surface  is  covered 
by  the  ectoderm. 
Whilst  the  above  gives  the  fundamental  structure  of  a  simple 
scterodeimic"  corallum,  there  are  some  ad- 
ditional details  which  are  of  sufficient  im- 
portance to  demand  special  notice.  The 
septa  in  the  coralla  of  the  Zoantharia 
sclerod^rmala,  like  the  mesenteries  of  the 
living  animal,  are  in  multiples  oi  five  or 
six.  It  is  not  common,  however,  to  find 
the  septa  so  few  as  would  be  represented 
by  these  fundamental  numbers.  Com- 
monly, in  progress  of  growth,  fresh  septa 
are  fonned  between  those  originally  pre- 
sent, until  there  may  be  several  "  cycles  " 
of  septa  (fig.  43). 

The  septa  may  be  considered  as  being 
continued,  in  many  cases,  through  the 
theca,  and  beyond  its  external  surface. 
The  outer  surface  of  the  theca  thus  comes 
to  be  covered  with  a  series  of  vertical 
ridges  or  ribs,  which  are  termed  the  "  cos- 
Xx"  (fig.  43,  c,  and  fig,  44).  The  costs 
vary  much  as  to  the  distance  by  which 
they  are  separated  from  one  another,  and 
as  to  their  breadth,  their  solidity,  and 
their  ornamentation  with  spines,  tuber- 
cles, or  teeth. 

In  some  cases  the  outer  surface  of  the 
J''-  *i;j-  '■"'*^"^"    theca  is  more  or  less  covered  by  a  thicker 

tMtcala.   llic  upper  fieure  ,  .  ,  <■         i 

ihows  the  enicrior  of  the  or  thmuer  envelope  of  calcareous  matter, 
lowcfrfimre'Siowithc'^*  Constituting  what  is  termed  the  "epi- 
liee,  wiih  Uie  columella  theca."  In  some  cases,  as  in  the  genus 
^^pS^^E^r™*'  Afontlivaltia  {fig.  45),  the  epitheca  is  veiy 
highly  developed,  and  forms  a  dense 
covering,  but  it  is  often  extremely  thin.  It  varies  much  as 
to  the  extent  to  which  it  is  applied  to  the  theca  j  and  it  may 
be  smooth,  or  may  be  marked  by  concentric  or  encircling 
ridges. 

The  chief  remaining  structures  which  may  be  noticed  are 
what  are  called  "pali,"  "  dissepiments,"  and  "tabulie."  Fali 
are  "small  processes  which  exist  between  certain  septa  and 
the  columella.  They  generally  arise  from  the  base  of  the  vis- 
ceral cavity,  or  close  to  it,  and  pass  upwards,  united  by  one 
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edge  to  the  columella,  and  by  the  other  to  the  inner  end  or 
mai^n  of  tjie  septa.  When  there  is  no  columella,  they  are 
adherent  to  the  septa,  present  a  free  edge 
to  the  cavity  in  the  axis  of  the  corallum, 
and  arise  with  the  septa"  (Duncan). 
The  dissepiments  are  incomplete  hori- 
zontal plates  which  grow  from  the  sides 
of  the  septa,  stretching  from  one  septum 
to  another,  and  more  or  less  interfering 
with  the  continuity  of  the  loculi,  and 
breaking  them  up  into  a  series  of  cells. 
The  loculi  may  thus,  when  the  dissepi- 
ments are  numerous,  become  more  or 
less  completely  vesicular.  lastly,  the 
tabula  (fig.  46)  are  transverse  plates  or 
floors  running  at  right  angles  to  the  axis 
of  the  cotallite,  and  dividing  the  theca 
into  so  many  horizontal  compartments  or 
Stories,  each  of  which  is  vertically  subdivided  by  the  septa, 
when  these  exist  Very  generally,  however,  the  septa  are 
absent  when  the  coral  is  "  tabulate." 


Gemmation  and  Fission  amongst  Corals. — Compound 
Corals,  as  before  remarked,  are  produced  by  a  process  of 
budding  (gemmation)  or  cleavage  (fission)  from  an  originally 
simple  form,  or  by  a  combination  of  both  these  processes. 
Most  commonly,  the  compound  sclerodermic  coral  consists  of 
a  number  of  "  corallites,"  each  produced  by  a  separate  polype, 
and  of  a  common  calcareous  basis,  or  "  ccenenchyma,"  secreted 
by  the  ccenosarc.     There  may,  however,  be  no  coenosarc,  and 
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consequently  no  coenenchyma ;  and  the  compound  coral  may 
consist  simply  of  a  congeries  of  corallttes  directly  united  to, 
or  springing  from,  one  another. 

Three  chief  forms  of  gemmation  may  be  distinguished 
amongst  the  compound  Zoaniharia — viz.,  basal,  parietal,  and 
ealkular. 

In  basal  gemmation  the  mode  of  increase  is  by  means  of 
a  rudimentary  ccenosarc,  which  is  put  forth  by  the  original 
polype,  and  from  which  the  young  polype-buds  are  produced. 
It  "  affords  very  different  products  according  as  the  coenosarc 
remains  soft,  or  deposits  a  ccenenchyma ;  appears  under  the 
form  of  stolons,  or  of  stouter  connecting  stems  ;  or  even 
spreads  out  in  several  directions  as  a  continuous  horizontal 
expansion;"  in  which  last  case  the  youngest  polypes  are,  of 
course,  those  nearest  to  the  periphery  of  the  mass. 

The  parietal  mode  of  gemmation  is  the  commonest,  and 
it  gives  rise  chiefly  to  dendroid,  or  tree-like,  corals.  In  this 
method  the  buds  are  produced  from  the  sides  of  the  original 
polype,  and  they  often  repeat  the  process  indefinitely. 

Calicular  gemmation  is  not  known  to  occur  in  any  recent 
coral,  but  it  was  a  common  mode  of  increase  amongst  extinct 
fomis.  In  this  method  "the 
primitive  polype  sends  up  from 
Its  oral  disc  two  Or  more  simi- 
lar buds ;  these,  in  their  turn, 
produce  other  young  polypes, 
and  thus  the  process  is  repeated 
until  an  inverted  pyramidal  mass 
of  considerable  size  is  produced, 
all  the  parts  of  which  rest 
upon  the  narrow  base  of  the 
first  budding  polype"  (fig.  47). 
Fission  in  tJie  Actinozoa  differs 
from  gemmation  chiefly  in  the 
fact,  that  the  polypes  produced 
fissiparously  resemble  one  an- 
^Ut,Z^T}"rifiZT%^  ?t*>er  '"  organisation,  and  oflen 
Siiuriiin.  m  Size,  as  soon  as  they  become 

distinct  In  gemmation,  on 
the  other  hand,  the  polype-bud  consists  primarily  of  a  mere 
process  of  ectoderm  and  endoderm,  enclosing  a  c^cal  process 
of  the  somatic  cavity,  and  a  mouth  and  other  structures  are  at 
first  wanting.  Amongst  the  coralligenous  Adinozoa  fission  is 
usually  effected  by  "oral  cleavage,"  the  divisional  groove  com- 
mencing at  the  oral  disc,  and  deepening  to  a  certain  extent. 
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the  proximal  extremity  always  remaining  undivided.  More 
rarely,  fission  "  is  effected  by  the  separation  of  small  portions 
from  the  attached  base  of  the  primitive  organism,  whose  form 
and  structure  they  subsequently,  by  gradual  development,  tend 
to  assume." 

"The  coral  structures  which  result  from  a  repetition  of  the 
fissiparous  process  are  of  two  principal  kinds,  according  as 
they  tend  most  to  increase  in  a  vertical  or  in  a  horizontal 
direction.  In  the  first  of  these  cases  the  corallum  is  ctesfitose, 
or  tufted,  convex  on  its  distal  aspect,  and  resolvable  into  a 
succession  of  short  diverging  pairs  of  branches,  each  resulting 
from  the  division  of  a  single  coraliite."  In  the  second  case 
the  coral  becomes  lamellar.  "  Here  the  secondary  corallites 
are  united  throughout  their  whole  height,  and  disposed  in  a 
linear  series,  the  entire  mass  presenting  one  contmuous  theca." 
Both  these  forms  of  corallum  "  are  liable  to  become  massive  by 
the  union  of  several  rows  or  tufts  of  corallites  throughout  the 
whole  or  a  portion  of  their  height.  An  illustration  of  this  is 
afforded  by  the  large  gyrate  corallum  of  Meandrina,  over  the 
surface  of  whose  spheroidal  mass  the  calicine  region  of  the 
combined  corallites  winds  in  so  complex  a  manner  as  at  once 
to  suggest  that  resemblance  to  the  convolutions  of  the  brain 
which  its  popular  name  of  firain-stone  Coral  has  been  devised 
to  indicate."  (Greene, '  Manual  of  Ccelenterata,'  p.  185  rf  s(q.) 
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Fig.  fL—PkUUfiattnta  Vmmilli.    From  Ih;  Devoniui  (Conrikrous  Uoicstonc) 

Deep-sea  Corals  and  Reef-builders. — At  the  present 
day,  as  has  been  specially  insisted  on  by  Dr  Martin  Duncan, 
we  find  two  great  groups  of  the  Sclerodermic  Zoantharia — viz., 
those  which  inhabit  tolerably  deep  water,  and  those  which 
build  the  great  masses  of  coral  which  are  known  as  "  coral- 
reefs."  The  deep-sea  corals,  though  often  attaining,  as  in- 
dividuals, a  considerable  size,  and  though  often  compound. 


96  CCELENTERATA. 

never  form  massive  aggregations  or  "  reefs."  This  is  due  to 
the  fact  that,  when  composite,  the  separate  corallites  are  not 
united  together  by  a  lax  cellular  coenenchyma,  so  that  the 
colony  cannot  increase  to  an  indefinitely  large  size.  The 
deep-sea  corals  seem  to  have  existed  in  all  the  great  geological 
periods,  from  the  Silurian  upwards.  The  chief  genera  of  this 
group  at  the  present  day  are  Caryophyllia^  Balanophylliay 
Flabelluniy  Desmophyllum^  and  Sphmoirochus^  amongst  the  sim- 
ple forms  \  and  Lophohelia^  Amphihelia,  Dendrophyllia^  and 
Astrangia^  amongst  the  compound  forms. 

The  reef-building  corals,  when  simple,  are  provided  with 
special  structures  which  enable  the  pol)q)es  to  grow  rapidly. 
The  great  majority  of  the  reef-builders,  however,  are  com- 
pound, and  owe  the  large  size  to  which  they  attain  to  the 
fact  that  the  corallites  are  mostly  united  by  a  loose  cellular 
coenenchyma.  The  chief  genera  of  reef-building  Zoantharia 
in  Mesozoic,  Kainozoic,  and  Recent  times,  are  Mceandrinay 
Madrepora^  PariieSy  Asiraay  MilieporOj  Jleliopara,  CycloseriSy 
TrochoseriSy  Heltasfraay  Solenastraay  PachyseriSy  Turbinaria^ 
and  Astracpora  ;  but  many  others  might  be  mentioned. 

Amongst  the  more  ancient  examples  of  coral-reefs  may  be 
mentioned  the  Wenlock  Limestone  of  the  Upper  Silurians  in 
England,  some  of  the  Devonian  Limestones  in  North  America, 
and  parts  of  the  Carboniferous  Limestone  in  various  parts  of 
the  world.  In  Mesozoic  times  coral-reefs  existed  towards  the 
close  of  the  Trias  in  Western  Europe,  and  largely  in  Oolitic 
times  both  in  Western  Europe  and  in  England.  In  the  earlier 
portion  of  the  Tertiary  period,  again,  vast  coral-reefs  were 
formed  in  Central  and  Southern  Europe,  in  Egypt,  Syria,  and 
Arabia,  and  in  parts  of  India. 

Divisions  and  Distribution  in  Time  of  the  Zoantharia 
ScLERODERMATA. — The  ZoantkaHa  sderodermaia  are  divided 
into  the  four  following  groups,  founded  upon  the  characters  of 
the  corallum : — 

1.  Tabulata, — Septa  rudimentary,  or  entirely  absent ;  tabulae 
well  developed  and  dividing  the  space  included  within  the 
theca  (the  "visceral  chamber")  into  a  number  of  stories 
(fig.  46). 

2.  Perforata. — Septa  well  developed ;  dissepiments  rudi- 
mentary ;  no  tabulae ;  calcareous  tissue  of  the  coral  ("  scler- 
enchyma  ")  porous. 

3.  Aporosa. — Septa  well  developed,  lamellar ;  no  tabulae ; 
calcareous  tissue  of  the  corallum  ("  sclerenchyma ")  compact 
and  imperforate. 

4.  Tubulosa. — Septa  indicated  by  mere  striae ;  thecae  pyri- 
form,  occasionally  united  by  a  basal  coenenchyma  (fig.  94). 
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As  regards  the  distribution  in  time  of  the  above  four  grbups, 
the  Tabulate  Corals  attain  their  maximum  in  the  Palsozoic 
period,  being  well  represented  in  the  Silurian,  Devonian,  and 
Carboniferous  formations.  The  family  TTiedda  is  exclusively 
Silurian  ;  but  the  familiar  Seriatoporida,  FavosUidiB,  and  Milk- 
porida  survived  to  the  present  day;  though  there  are  many 
breaks  in  our  knowledge  of  their  course. 

The  Perforata  are,  on  the  whole,  most  abundant  in  Mesozoic 
and  Cainozoic  strata,  and  attain  their  maximum  at  the  present 
day.  In  the  Palaeozoic  series  the  group  is  represented  by 
Protarea  (Silurian)  and  Pleurodictyum  (Devonian),  both  belong- 
ing to  the  family  of  the  Poritidct.  The  great  family  of  the 
Madreporida,  on  the  other  hand,  did  not  make  its  appearance 
till  the  Cretaceous  period. 

The  Aporosa  are  almost  exclusively  confined  to  the  Meso- 
zoic, Kainozoic,  and  recent  periods,  attaining  their  maximum 
at  the  present  day.  In  the  Palaaozoic  period  the  group  is 
only  represented  by  the  Silurian  genus  Palieocydus,  belonging 
to  the  Pitngidix.  At  the  commencement  of  the  Mesozoic 
period,  in  the  Trias,  appears  for  the  first  time  the  great  family 
of  the  Aslraida,  so  largely  represented  at  the  present  day. 
Almost  all  the  Jurassic  Corals  belong  to  the  Aporosa,  and 
the  two  families  of  the  Turbtnolida  and  OaUinida  make  their 
first  appearance  here.  In  the  Cretaceous  Rocks  the  Aporosa 
are  largely  represented,  the  family  Asireeidee  being  particularly 
rich  in  generic  forms.  In  the  Tertiary  period  the  group  is  also 
well  represented. 

The  Tubtdosa,  comprising  the  single 
family  of  the  Auloporidts,  are  exclusively 
Palaeozoic  In  the  Devonian  period, 
and  doubtfully  in  the  Silurian,  we  have 
the  genus  <4»/t>/c'ii(fig.  49};  and  in  the 
Carboniferous  Rocks  occurs  the  genus 
Pyrgia.  There  is,  however,  reason  to 
believe  that  these  genera  have  been 
founded  upon  the  young  and  immature 
forms  of  other  corals. 

Order  II.  Rugosa. — The  members  of  this  order  are  almost 
entirely  extinct,  and,  with  the  exception  of  Iloiocystis  ekgans 
from  the  Lower  Cretaceous  rocks,  and  a  few  more  modem 
forms,  are  not  known  to  occur  in  deposits  younger  than  the 
Palaeozoic  epoch.  With  the  soft  parts  of  the  Rugosa  we  are, 
for  the  most  part,  entirely  unacquainted,  and  the  definition  of 
the  order  must  therefore  be  founded  upon  the  characters  of 
the  corallum.     The  corallum   in  the  Jiugosa  is  highly  de- 
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veloped,  sclerodennic,  with  a  tnie  theca,  and  often  presenting 
both  septa  and  tabulae  combined.  The  septa  are  in  multiples 
olfour  (fig.  43),  unlike  the  recent  sclerodermic  coralla,  in  which 
they  are  in  multiples  oi  five  or  six.  There  is,  further,  no  true 
coenenchyraa.  Some  of  the  Rugosa  are  simple;  but  others  are 
composite,  increasing  either  by  parietal  or  by  calicular  gemma- 
tion. 
The  Palaeozoic  corals  (figs.  50-55),  with  hardly  an  exception. 


,  — StromiodfS  groiilu. 


belong  either  to  the  Rugosa  or  to  the  Tabulate  division  of  the 
Zoanlharia  sclerodermata.  The  former  are  readily  distinguish- 
able from  the  latter  in  having  well-developed  septa,  as  a  rule, 
and  in  invariably  having  their  septa  in  multiples  of  four.   Until 
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quite  recently  it  was  believed  that  all  the  Rugosa  were  Falso- 
zoic,  with  the  exception  of  the  genus  Ifolocystis,  represented  in 
j  the  Cretaceous  period  (Upper  Greensand)  by  the  single  species 

j  if.  eiegans.      Recent  researches,  however,  have  brought  to 

I  light  the  existence  in  our  present  seas  of  at  least  two  genera 

(Haplophyllia  and  Guynia)  which  belong  to  the  Rugose  family 
'  of  the    Cyathaxonidtx ;   and  certain   Tertiary  Rugose  Corals 

have  also  been  described  (Martin  Duncan).  As  the  Rugosa 
are  in  no  fundamental  structural  character  to  be  distinguished 
from  the  Zoantharia  scleradermaia,  save  in  the  number  of  theic 
septa,  there  would  thus  seem  to  be  no  good  ground  for  main- 
t^uning  that  there  is  any  essential  difference  between  the  Palaeo- 
zoic corals  and  those  of  more  modem  times. 

Recently  it  has  been  shown  that  some  very  abnormal  Ru- 
.  gose  corals  were  provided  with  a  lid  or  operculum,  closing  the 
"^  mouth  of  the  calice.    In  the  genus  Calceola  (fig.  56),  formerly 
V^  referred  to  the  Brachiopoda,  and  very  abundant  in  certain  parts 
•^  of  the  Devonian  system,  the  operculum  consisted  of  a  single 
^iValve  or  piece.     In  Goniophyllum  four  valves  were  present,  and 
v,^^^  Cysiipkyllum  prismaticum  there  were  four  or  more  valves  in 
^^the  operculum.     It  is  worthy  of  notice  that  some  recent  corals 
_^     i  (species  of  Primnea,  Faramurieea,  and  others)  exhibit  also  a 
^^^^  more  or  less  complete  operculum.     According  to  Professor 
^^  Agassiz,  the  JRugosa  and  the   Tabulate 
3   division  of  the  Zoantharia  ought  not 
^to  be  considered  as  belonging  to  the 
— .^^^  Actinoioct,  but  should  be  placed  amongst 
~Cl^  the  Hyirosoa.   This  radical  change,  how- 
^■-^s,  ever,  cannot  be  accepted  without  the 
I  production  of  very  condusive  evidence  in 
its  favour.  A  strong  argument  against  re- 
ferring the  Rugose  and  Tabulate  Corals, 
as  proposed  by  Agassiz,  to  the  Hydrozoa,  ;" 
is.tiieir  possession  in  most  cases  of  well- 
developed  j^/fl,  implying,  of  course,  the  existence  in  the  living 
animal  of  mesenterUs,  structures  which  are  wholly  wanting  in 
the  Hydrozoa. 

As  regards  the  distribution  in  time  of  the  families  of  the 
Mugosa,  the  most  important  group  is  that  of  the  CyatkophyUidx, 
which  is  abundantly  represented  in  the  Silurian,  Devonian,  and 
Carboniferous  Rocks.  The  family  Cyathaxonida  is  Silurian 
and  Carboniferous,  and  is  represented  by  two  living  genera. 
The  family  Cystiphyltida  is  Silurian  and  Devonian.  Lastly, 
the  family  Staurida  is  rejwesented  in  the  Silurian  Rocks  by 
the  genus  Stauria,  in  the  Devonian  Rocks  by  the  genus 
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Mdriophylium,  in  the  Permian  Rocks  by  the  genus  Polycotluiy 
and  in  Tertiary  deposits  by  the  genus  Conostnilia, 

Appendix  giving  a  Tabular  View  of  the  Divisions  of  the 

zoantharia  sclerodermata  and  rugosa  (after 

Milne-Edwards  and  Jules  Haime). 

A,  The  Zoantharia  Sclerodermaia  are.  defined  by  the  possession  of  a 
sclerodermic  corallum,  the  parts  of  which  are  arranged  in  multiples  of  five 
or  six.  Septa  generally  well  developed,  but  not  combined,  as  a  rule,  with 
tabulae. 

The  following  chief  divisions  of  the  Zoantharia  Sclerodermata  are,  with 
few  alterations,  those  adopted  by  the  above-mentioned  authorities : — 

T.    Tabulata.  —  Septa  rudimentary  or  absent ;  tabulae  well  developed, 
dividing  the  visceral  chamber  into  a  series  of  stories. 

1.  ThccidcB, — Corallum  massive;  a  dense  spurious  coenenchyma  formed 

by  the  lateral  union  of  the  septa ;  tabulae  numerous.  . 

2.  Favosiiida,  — Septa  and  corallites  distinct ;  little  or  no  true  ccenen- 

chyma. 

3.  Seriatoporida,  —  Corallum  arborescent ;  sclerenchyma  abundant  and 

compact ;  tabulae  few. 

4.  MilUporida, — Corallum  massive  or  foliaceous ;  septa  not  numerous; 

sclerenchyma  tabular  or  cellular. 

II.  Perforata. — Septa  well  developed ;  no  tabulae ;  dissepiments  rudi- 

mentary ;  sclerenchyma  porous. 

5.  Eupsammida, — Corallum  simple  or  composite ;  septa  well  developed 

and  lamellar ;  columella  spongiose. 

6.  PoritidiE. — ^Corallum  composed  of  spongy,  reticulated  sclerenchyma. 

Septa  never  lamellar,  but  consisting  wholly  of  a  more  or  less  definite 
series  of  trabeculae  ;  no  tabulae. 
7.'  Madreporida. — Corallum  usually  composite  ;  coenenchyma  abundant 
and  spongy ;  thecae  porous,  not  distinct  from  the  coenenchyma  ; 
septa  distinct,  but  slightly  perforate. 

III.  Aporosa. — Septa  well  developed,  completely  lamellar,  and  primi- 

tively consisting  of  six  elements ;  no  tabulae ;  sclerenchyma  imper- 
forate. 

8.  Fungida. — Corallum  simple  or  compound  ;  thecae  ill  developed,  and 

somewhat  porous  ;  no  dissepiments  or  tabulae ;  synapticulae  numer- 
ous. 

9.  Astrmda. — Corallum  simple  or  compound  ;  no  proper  coenenchyma  ; 

numerous  dissepiments;  no  synapticulae.     CoralUtes  well  denned, 
and  separated  from  one  another  by  perfect  walls. 

10.  Oculinida, — Corallum  composite ;  coenenchyma  abundant  and  com- 
pact ;  dissepiments  few  in  number.  Walls  of  the  corallites  without 
perforations,  not  distinct  from  the  ccenenchyma. 

11.  Turbinolida. — Corallum  usually  simple;  no  coenenchyma;  septa 
well  developed ;  no  dissepiments,  nor  synapticulae. 

IV.  Tubulosa. — Septa  indicated  by  mere  striae ;  thecae  pyriform  ;  coral- 

lites sometimes  connected  by  a  creeping  basal  coenench3rma. 

12.  Auloporida. — ^This  being  the  only  family  in  the  Tubulosa^  its  charac- 
ters are  necessarily  the  same  as  those  of  the  division  itself. 

B.  Order  Rugosa. — Characterised  by  the  possession  of  a  sclerodermic 
corallum,  usually  with  septa  and  tabulae  combined,  the  former  being  in 
multiples  of  four.     The  corallites  are  always  distinct,  and  are  never  imited 
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together  by  a  true  coenenchyma.     The  septa  are  usually  incomplete,  but 
are  never  porous,  and  never  bear  synapticulse.     The  order  is  divided  into 
the  following  four  families  : — 
Family  i.  Stauridce, 

Corallum  simple  or  composite ;  septa  incomplete,  united  by  lamellar 
dissepiments  ;  four  large  primary  septa,  forming  a  cross. 
Family  2.   Cyathaxonida. 

Corallum  simple ;  septa  complete;  no  dissepiments  or  tabube ;  with- 
out  four  primary  septa. 
Family  3.   CycUhophyllida. 

Corallum  simple  or  composite  ;  septa  incomplete ;  tabulae  generally 
present 
Family  4.  Cystipkyllida, 

Corallum  simple,  composed  chiefly  of  a  vesicular  mass  with  but 
slight  traces  of  septa. 

Order  III.  Alcyonaria.  —  The  Alcyonarian  Zoophytes 
differ  from  the  Zoantharia  in  the  fact  that  the  polypes  have  eight 
pinnately  fringed  tentacles ^  the  mesenteries  also  being  some  multiple 
of  four.  The  Alcyonaria  thus  differ  from  the  Zoantharia^  and. 
agree  with  the  Rugosa  in  the  numerical  proportion  of  their  soft 
parts.  The  Alcyonariay  however,  diflfer  from  the  Rugosa  in 
never  possessing  a  sclerodermic  coral  divided  by  septa.  When 
they  have  a  sclerodermic  corallum  at  all,  it  either  consists 
simply  of  scattered  spicules  (as  in  .Alcyonium\  or,  if  thecal, 
consists  of  simple  tubes  which  are  not  subdivided  by  vertical 
partitions  or  septa  (as  in  the  Tubiporidai),  We  have,  however, 
nothing  to  do  with  these  forms,  as  they  are  unknown  in  a 
fossil  condition.  The  only  members  of  the  Alcyonaria  which 
have  left  any  traces  of  their  past  existence,  are  those  which 
possess  a  "  sclerobasic "  coral,  in  the  form  of  a  simple  or 
branched  internal  axis,  which  may  be  calcareous  or  corneous, 
or  partly  the  one  and  partly  the  other.  Such  forms  are  well 
represented  at  the  present  day  by  the  Sea-pens  (JPennatulidoe\ 
the  Sea- shrubs  and  Red  Coral  {Gorgonidce)^  the  Fan -corals 
(Rhipidogorgici)^  and  the  Hke.  They  are,  however,  of  very  small 
palseontological  importance. 

The  genus  Frotovirgularia  has  been  constituted  for  the 
reception  of  an  obscure  Silurian  fossil,  from  its  supposed 
affinity  to  the  living  Sea-rods  ( Virgularia).  This  problematical 
organism,  however,  is  almost  certainly  not  one  of  the  Alcyona- 
ria^  and  may,  perhaps,  belong  to  the  Hydrozoa,  With  this 
exception,  and  the  still  more  dubious  examples  of  Gorgonidce 
from  the  Silurian  Rocks,  no  Alcyonarian  Zoophyte  has  been 
detected  in  deposits  older  than  the  Chalk.  One  of  the  Pen- 
naiulida  (viz.,  Graphularia)  has  been  found  in  the  London 
Clay  (Lower  Eocene);  and  the  same  formation  has  likewise 
yielded  two  species  of  Gorgonidcs  (Mopsea  and    IVebsteria). 
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The  genus  CoraUium  (including  the  living  Red  Coral)  has 
likewise  been  found  in  deposits  of  Miocene  age. 


CHAPTER  X. 

Sub-Kingdom  III. — ^Annuloida. 

ECHINODERMA  TA. 

Sub-Kingdom  III. — Annuloida. — Animals  in  which  the 
alimentary  canal  is  completely  shut  off  from  the  general  cavity  of 
the  body.  Nervous  system  distinct.  A  peculiar  system  of  canals^ 
usually  communicating  with  the  exterior  and  containing  water 
derivai from  the  outside^  and  termed  the  ^^water-vascular"  or 
"  aquiferous^^  system^  is  present  in  all.  In  none  is  the  body  of  the 
adult  composed  of  definite  segments^  or  provided  with  "  bilatercUly 
disposed  successive  pairs  of  appendages,  ^^ 

This  sub-kingdom  was  proposed  by  Huxley,  as  a  provisional 
arrangement,  to  include  the  two  groups  of  the  Echinodermata 
(Sea-urchins,  Star-fishes,  &c)  and  the  Scolecida  (Tape-worms, 
Round-worms,  Wheel-animalcules,  &c.)  Whether  this  arrange- 
ment be  ultimately  retained  or  not,  matters  not  at  all  to  the 
palaeontologist,  as  no  member  of  the  Scolecida  is  known  in  the 
fossil  condition.  The  palaeontologist,  therefore,  has  simply  to 
deal  with  the  Echinodermata^  the  complete  distinctness  of 
which,  as  a  group,  is  beyond  question. 

Class  Echinodermata. 

The  class  EchinodermcUa  comprises  the  animals  known  com- 
monly as  Sea-urchins,  Star-fishes,  Brittle-stars,  Sea-lilies,  and 
Sea-cucumbers,  and  is  distinguished  by  the  fact  ^2X  the  external 
envelope  of  the  body  ("  perisome  ")  has  the  power  of  secreting 
calcareous  matter  to  a  greater  or  less  extent.  The  integument  is^ 
therefore^  either  composed  of  calcareous  plates  articulated  together^ 
or  is  coriaceous^  and  has  granules  or  spicules  of  lime  developed  in 
it.  The  water-vascular  system  usually  communicates  with  the 
exterior,  and  generally  subserves  locomotion.  The  adult  animal 
exhibits  more  or  less  distindly  a  ^*  radial  symmetry"  or  star-like 
arrangement  of  its  parts,  but  Jhe  young  animal  is  more  or  less 
bilaterally  symmetrical. 

The  Echinodermata  are  divided  into  the  following  seven 
orders : — 


^ »  «      ^     • 
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1.  Echifundio, — Ex.  Heart-nrcfain  (Spatangus). 

2.  Asteroidetu — Ex,  Star-fish  (Uraster). 

3.  Ophiuroidea, — Ex,  Brittle-star  (Ophiura). 

4.  Crinaidea, — Ex,  Stone-lily  (Encrmus). 

5.  Cystoidea, — Ex,  Hemicosmites. 

6.  Blastoidea, — Ex,  Pentremites. 

7.  Holotkuroidea, — Ex,  Trepang  (Holothuria). 

The  above  is  not  a  true  or  natural  arrangement  of  the  orders 
of  the  Echinodermata^  but  it  is  convenient  for  many  reasons  to 
consider  them  in  this  sequence.  As  regards  the  general  dis- 
tribution of  the  class,  the  Echinodermata  are  represented  more 
or  less  abundantly  in  all  the  great  formations  from  the  Upper 
Cambrian  to  the  present  day.  The  orders  Cystoidea  and  Bias- 
toidea  are  not  only  extinct,  but  are  exclusively  Palaeozoic ;  in  the 
Crinoidea  we  have  an  order  which  has  passed  its  prime,  and  ap- 
pears to  be  verging  on  extinction.  On  the  other  hand,  the  orders 
Echinoideay  Asteroideay  Ophiuroidea^  and  Holothuroidea  appear 
to  have  attained  their  maximum  of  development  at  the  present 
day.  The  Asteroidea  and  Ophiuroidea  commence  in  the  Silu- 
rian period.  The  Echinoids  commence  in  the  Upper  Silurian, 
but  reach  no  marked  development  till  we  enter  upon  Mesozoic 
deposits.  Lastly,  the  Holothurians^  as  might  be  expected  from 
the  soft  nature  of  their  integuments,  are  hardly  known  as  fossils, 
though  they  seem  to  have  existed  in  the  Mesozoic  period. 


Order  I. — Echinoidea. 

The  members  of  this  order  —  commonly  known  as  Sea- 
urchins — are  characterised  by  the  possession  of  a  more  or  less 
globular,  heart-shaped,  discoidal  or  depressed  body,  encased  in  a 
"  to/"  or  shell,  which  is  composed  of  numerous  calcareous  plates, 
immovably  connected  together.  The  intestine  is  convolutai,  and 
there  is  a  distinct  anus.  The  mouth  is  usually  armed  with  cal- 
careous teeth,  and  is  always  situated  on  the  inferior  aspect  of  the 
body,  but  the  position  of  the  vent  varies. 

As  a  matter  of  course,  the  palaeontological  student  has  to 
deal  with  nothing  except  the  test  of  the  Echinoids  and  its 
appendages,  and  these  must  be  described  in  some  detail. 
The  "  test "  of  the  Echinoidea  may  be  regarded  as  essentially 
composed  of  the  so-called  "  corona"  and  of  the  "  apical  disc," 
though  other  less  important  elements  are  present  as  well.  The 
"corona"  is  the  main  element  of  the  test,  and  includes  all 
the  calcareous  covering  of  the  animal  except  the  scattered 
plates  round  the  mouth  and  anus  and  the  "  apical  disc."  The 
test  is  composed  of  numerous  calcareous  plates,  firmly  united 
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to  one  another  by  their  edges,  arranged  in  rows  (fig.  57),  and 
bearing  different  names  according  to  their  position  and  func- 
tion.    In  one  or  two  exceptional  cases  the  plates  are  so  thin 


^■e>  57.— Moipholo^  of  EdimiHdea,    i.  Ponion  of  ihe  tc 

*tHiitfArricia  viewed  from  •hove    a  luxcr-imbajMra:  i  , 

Qculvrditc  of  ffemicidaTii  iKttrnvdm  enlarged,  c  Ocutarpiaie  ',  a  i>enitai  piwe»  r 
Anal  aperture  ;  /  Madreporifann  tubercle.  «.  SinnF  of  the  same.  (ATur  Focbu.)  The 
tuberdu  are  moilly  Dinflled  on  figa  >  and  3  for  l£e  ul:e  of  cleameu. 

and  are  so  united  together  that  the  entire  test  becomes  flexible 
and  soft  As  a  rule,  however,  the  corona  forms  an  immovable 
case  or  box,  within  which  the  animal  is  contained;  and  its 
growth  is  carried  on  by  means  of  additions  made  to  the  edge 
of  each  individual  plate,  by  means  of  an  organised  membrane 
which  passes  between  the  sutures,  or  the  lines  where  the  plates 
come  in  contact  with  one  another. 

In  all  recent  and  most  fossil  Echinoids,  the  test  is  composed 
of  twenty  rows  of  calcareous  plates,  which  are  arranged  in  ten 
alternating  zones  or  areas  {fig.  58).  Each  zone,  therefore,  is 
composed  of  two  rows  of  plates.  In  five  of  these  zones  (fig. 
57,  r,  and  fig.  58)  the  plates  are  of  large  size,  and  are  not 
perforated  by  any  apertures.  These  zones  are  called  the  "  in- 
ter-ambulacral  areas."  The  remaining  five  zones  alternate 
with  the  former,  and  are  composed  of  very  much  smaller 
plates,  which  are  perforated  by  minute  apertures  or  pores. 
Through  these  apertures  are  emitted  the  little  suctorial  tubes 
of  the  water-vascular  system — the  so-called  "  ambulacra!  tubes" 
or  "tube-feet" — by  means  of  which  the  animal  moves.  Hence 
these  zones  of  perforated  plates  are  tenned  the  "  ambulacral 
areas"  or  "poriferous  zones." 
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In  one  great  gionp  of  the  Echinoids,  the  ambulacral  areas 
pass  from  tlie  centre  of  the  base  of  the  shell  to  its  summit 
(fig.  58),  when  they  are  said  to  be  "  perfect"  {ambulacra  per 
fata)  or  "  simple."     In  another  great  group  the  ambulacral 
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areas  are  not  thus  continuous  from  pole  to  pole,  but  simply 
form  a  kind  of  rosette  upon  the  upper  surface  of  the  shell 
(fig.  gg).     In  these  cases — as  in  the  common  Heart  urchins^ 
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the  ambulacral  zones  are  said  to  be  "  circumscript"  {^mbulaera 
circumicriptd)  or  "  petaloid." 

The  most  important  external  structures  of  the  corona  are 
the  tubercles  and  spines.  The  tubercles  are  rounded  eleva- 
tions upon  which  the  spines  are  carried  (fig.  60).  They  vary 
much  in  their  dimensions,  and  receive  special  names  accord- 
ing to  their  size  or  position  on  the  test  Ordinarily  the  tuber- 
cle consists  of  a  rounded  ball  or  hemisphere  (the  "  mamelon  ") 
supported  upon  a  conical  process  (the  "boss")  which  arises 
from  the  plate.  The  ball  of  the  tubercle  may  or  may  not  be 
perforated  for  the  insertion  of  a  Hgament  which  is  attached  to 
the  articular  surface  of  the  spine.  In  many  cases  (as  in  fig. 
60)  the  base  of  the  tubercle  is  surrounded  a  round  or  oval 
smooth  and  excavated  space  which  is  termed  the  "  areola." 

The  spines  are  movable  appendages  which  are  jointed 
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to  the  tubercles  by  a  sort  of  "ball-and-socket"  or  "uni- 
versal" joint  They  are  used  defensively  and  in  locomotion, 
and  vary  much  in  length  and  shape.  Sometimes  they  are  very 
minute ;  at  other  times  they  attain  a  length  considerably  ex- 
ceeding the  diameter  of  the  test    Sometimes  they  are  slender. 


Fig  6a.— Htm 
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tapering,  and  truly  spine-like ;  at  other  times  they  are  thick- 
ened, ovate,  or  almost  globular  (fig.  6i).  The  spine  fits  on 
the  rounded  head  of  the  tubercle  by  a  concave 
articular  surface  ("  acetabulum  "),  and  there  may 
or  may  not  be  a  pit  at  the  bottom  of  this,  for 
the  attachment  of  the  ligament  before  spoken 
of  Above  the  acetabulum  or  socket  of  the 
spine  there  is  a  prominent  ridge  or  ring,  more  or 
less  "  milled,"  for  the  attachment  of  the  muscular 
fibres  which  move  the  spine. 

The  "apical  disc"  or  "genital  disc"  occupies 
the  summit  of  the  test,  and  is  generally  composed 
of  ten  plates  (fig.  57,  3).  Five  of  these  plates 
are  of  comparatively  large  size,  and  are  termed 
the  "genital  plates,"  each  being  perforated  by 
the  duct  of  an  ovary  or  testis.  Each  genital  plate  occupies 
the  summit  of  one  of  the  interambulacral  areas.  One  of  the 
genital  plates  (the  right  antero-lateral  plate)  is  larger  than  the 
others,  and  supports  a  spongy  tubercle,  perforated  with  many 
apertures,  like  the  rose  of  a  watering-pot,  and  termed  the 
" madreporiform  tubercle"  (fig.  57).  This  structure  protects 
the  mouth  of  the  canal  by  which  water  is  admitted  from  the 
exterior  to  the  water-vascular  system.  Wedged  in  between 
the  genital  plates,  and  occupying  the  summits  of  the  ambulacra! 
areas,  are  five  smaller,  heart-shaped,  or  pentagonal  plates,  each 
of  which  is  perforated  for  the  reception  of  an  "  ocellus  "  or 
eye,  and  which  are  therefore  teimed  the  "  ocular  plates." 
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An  important  division  of  the  Echinoids  is  constituted  by  the 
position  of  the  anal  aperture.  In  one  great  group  of  Echinoids 
the  mouth  is  situated  in  the  centre  of  the  base  (fig.  63),  and 
the  vent  is  placed  at  the  summit  of  the  test,  surrounded  by  the 
genital  disc.    These  are  the  so-qalled  "regular"  Sea-uichins 

^P         •P         IgP 
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(Echimidea  endocydiai).  They  have  a  test  which  is  almost 
always  circular,  or  spheroidal,  or,  it  may  be,  depressed ;  and 
the  mouth  is  armed  with  a  complicated  masticatory  apparatus. 
In  the  second  great  group  the  mouth  is  situated  on  the  lower 
surface  of  the  test,  and  is  sometimes  central,  sometimes  excen- 
tric  in  position.  The  anus  varies  in  position,  but  is  never 
placed  on  the  summit  of  the  test,  opposite  to  the  mouth.  The 
anus,  therefore,  is  not  surrounded  by  the  genital  disc.  Most 
commonly  the  anus  is  marginal,  or  is  sub-marginal,  coming  to 
be  placed  in  this  last  case  on  the  lower  surface  of  the  test  near 
the  mouth  (fig,  63).      The  Sea-urchins  in  which  this,  state  of 
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parts  obtains  are  termed  the  "  irregular  "  Echinoids  {Echinoidea 
exocydica).  They  are  further  distinguished  by  being  mostly 
oblong,  pentagonal,  heart-shaped,  or  discoidal  in  form,  by 
being  mostly  destitute  of  any  masticatory  apparatus,  and  by 
having  only  four  perforated  genital  plates. 

Another  group  must  be  constituted  for  the  reception  of  the 
Sea-urchins  of  the  Paleozoic  Rocks,  which  differ  materially 
from  the  Mesozoic,  Kainozoic,  and  Recent  Echinoids.     Only 
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two  genera  are  known  in  the  Palseozoic  series,  viz.,  Archao- 
cidarU  and  Palachinus,  but  these  difTer  from  all  the  modem 
forms  in  the  fact  that  the  corona  of  the  test  was  composed  of 
more  than  twenty  rows  of  plates.  The  test  was  divided  into 
five  ambulacra!  and  five  interambulacral  areas,  and  the  in- 
crease in  the  number  of  plates  arises  from  the  fact  that  each 
interambulacral  area  consists  of  three,  five,  or  more  rows  of 
plates  (fig.  64).     From  this  peculiarity  the  Palaeozoic  urchins 


were  placed  in  a  separate  sub-order  by  M'Coy,  under  the 
name  of  Perischoechinida  (the  Tesselata  of  Pomel).  The  five 
interambulacral  areas  are  surmounted  dorsally'by  the  genital 
plates,  which  are  five  in  number,  and  in  Palachinus  are  doubly 
perforated.  The  five  ambulacral  areas  are  "simple,"  or  are 
continuous  from  pole  to  pole,  being  surmounted  by  the  ocular 
plates.  These  are  said  by  Baily  to  be  triply  perforated  in 
Palizchinus,  but  they  are  said  by  De  KonJnck  to  be  wanting. 
The  test  in  both  genera  appears  to  be  "  regular." 

As  regards  the  distribution  of  the  Echinoidea  in  time,  the 
genera  Archaoddaris  and  Palachinits  (the  Perischoethinidd)  are 
exclusively  PalKOzoic,  the  former  being  confined  to  the  Devo- 
nian, Carboniferous  Limestone,  and  Permian,  whilst  the  latter 
occurs  both  in  the  Carboniferous  and  in  the  Upper  Silurian. 
The  normal  Echinoids  abound  in  the  Mesozoic  series,  espe- 
cially in  the  Oolitic  and  Cretaceous  Rocks,  and  are  also  well 
■  represented  in  the  Tertiary  Rocks.  Their  distribution  will  be 
shortly  noticed  under  the  head  of  each  family. 

The  Echitioidea  are  divided  into  the  following  more  im- 
portant families,  with  their  leading  characters,  distribution  in 
time,  and  a  few  illustrative  genera : — 

I.  Aiianchytida. — Mouth  excentric,  in  front;  anua  behind. 
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marginal,  or  supramarginal.  Ambulacra  composed  of  simple 
pores,  not  petaloidal.  Apical  disc  of  four  perforated  genital 
plates  and  five  ocular  plates.  Spines  minute.  No  masticatory 
apparatus.  Distrib,  Jurassic  and  Cretaceous.  ///.  Gen.  Ana- 
nychytes, 

2.  SpatangidcB  (Heart-urchins).  Test  oval,  oblong,  or  com- 
monly heart-shaped,  exhibiting  distinct  bilateral  symmetry. 
MouUi  excentric.  Anus  posterior  and  supramarginal.  Am- 
bulacra petaloid,  the  anterior  one  unpaired,  usually  lodged  in 
a  groove  or  "  sulcus."  Four  genital  pores.  Mouth  toothless. 
Spines  minute  and  hair-like.  Distrib,  Cretaceous  to  Recent. 
///.  Gen.  SpafanguSy  Micraster,  EupataguSy  Amphidetus. 

3.  CoUyritidce  or  Dysasterida  (sometimes  placed  with  the 
Ananchytidce^  sometimes  in  the  following  order  of  the  Echino- 
neidce).  Test  circular  or  oval.  Mouth  excentric ;  anus  supra- 
marginal  Ambulacra  not  petaloidal,  meeting  at  two  points 
on  the  upper  surface,  which  are  more  or  less  apart.  Four 
generative  pores.  Mouth  toothless.  Distrib.  Oolitic  and 
Cretaceous.     ///.  Gen.  CoUyrites  {Dysasfer). 

4.  Echinondda, — Test  oval.  Mouth  nearly  central ;  anus 
basal  or  marginal.  Ambulacra  not  petaloidal,  continuous  from 
mouth  to  apical  disc  Four  generative  pores.  Mouth  tooth- 
less. Distrib.  Cretaceous  to  Recent  III.  Gen.  Echinoneus^ 
Pyrina, 

5.  Cassidulida. — Mouth  central,  or  nearly  so ;  anus  supra- 
marginal  or  infra-marginal.  Ambulacra  more  or  less  petaloidal, 
similar  or  dissimilar.  Four  generative  pores.  Apical  disc 
sometimes  excentric.  Mouth  toothless.  Distrib.  Oolitic  to 
Recent.     ///.  Gen.  Clypeus^  Fygaulus,  Pygurus. 

6.  Clypeasterida. — Mouth  central ;  aiius  marginal  or  infra- 
marginal,  posterior.  Dorsal  portions  of  the  ambulacra  petaloid. 
Five  genital  plates  surrounding  the  madreporiform  tubercle. 
Mouth  toothed.  Distrib.  Cretaceous  to  Recent.  III.  Gen. 
Clypeaster,  Scutella  (fig.  59),  Echinocyamus. 

7.  Echinoconidce. — Mouth  central ;  anus  on  the  upper  sur- 
face behind,  or  on  the  lower  surface,  sometimes  mounting  so 
high  as  to  enter  into  the  genital  disc  Ambulacra  simple, 
narrow.  Apical  disc  with  five  genital  plates.  Spines  small. 
Mouth  toothed.  Distrib.  Oolitic  and  Cretaceous.  ///.  Gen, 
GaUrites  (fig.  58),  Echinoconus^  Pygaster,  Holectypus. 

8.  Cidarida. — Test  regular,  spheroidal.  Mouth  central; 
anus  opposite  the  mouth,  surrounded  by  the  genital  disc. 
Ambulacra  narrow,  straight,  or  flexuous.  Spines  large,  mostly 
dub-shaped.  Mouth  toothed.  Distrib,  Triassic  to  Recent. 
Ill,  Gen,  Cidarisy  Temnocidaris, 
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9.  EchinidtB, — ^Test  regular,  spheroidal.  Mouth  central; 
anus  opposite  the  mouth,  surrounded  by  the  genital  disc. 
Ambulacra  wide  or  narrow,  usually  wide  centrally,  diminish- 
ing towards  the  mouth  and  anus.  Mouth  toothed*  Spines 
varied  in  length  and  shape. 

Section  a.  Salmida. — ^Apical  disk  of  more  than  ten 
plates,  large,  with  the  anus  placed  excentrically  in  it. 
Distrib.  Oolitic  to  Tertiary.  Ill,  Gen.  Salenia  (fig.  62), 
Acrosalmia, 

Section  b,  Diademad^B, — ^Ambulacral  areas  with  two  or 
four  rows  of  large  tubercles.  Distrib,  Jurassic  to  Recent. 
Ill,  Gen,  Diadetnay  Astropyga, 

Section  c,  Hemicidarida,  —  Interambulacra  with  two 
rows  of  large  tubercles.  Distrib,  Triassic  to  Cretaceous. 
///.  Gen,  Hemicidaris  (fig.  60). 

Section  d,  Echinidce  Proper, — Ambulacral  and  inter- 
ambulacral  areas  with  large  tubercles.  Distrib,  Jurassic 
to  Recent.     Ill,  Gen,  Echinus,  Temnopleurus, 

10.  Perischoechinida, — ^Test  regular.  Mouth  central,  infe- 
rior ;  anus  opposite  to  the  mouth,  surrounded  by  the  genital 
disc  Ambulacra  simple,  perfect.  Corona  composed  of  more 
than  twenty  rows  of  plates,  each  interambulacral  area  consist- 
ing of  from  three  to  six  rows.  Distrib,  Upper  Silurian  to 
Carboniferous.     ///.  Gen.  Archceocidaris  and  PcUcechinus. 


CHAPTER    XI. 

ASTEROIDEA  AND  OPHIUROIDEA, 

Order  II.  Asteroidea. 

The  order  Asteroidea  or  Stellerida  comprises  the  ordinary 
"  star-fishes,"  and  is  defined  by  the  fact  that  the  body  (fig.  65) 
is  star-shaped  or  pentagonal^  and  consists  of  a  centred  "  disc,^^ 
surrounded  by  five  or  more  lobes  or  "  arms."  The  arms  are 
truly  prolongations  of  the  body,  are  hollow,  and  contain  prolonga- 
tions of  tlie  stomach  in  t/ieir  interior.  The  arms  are,  further, 
groorved  on  their  under  surface  for  the  reception  of  the  ambulacral 
or  water-vascular  vessels.  From  these  grooves  the  tube  feet  are 
protruded  in  two  or  four  rows.  The  integument  {perisome)  is 
leatJiery,  but  is  more  or  less  calcified  by  the  development  in  it  of 
plates y  granules,  and  spines  of  carbonate  of  lime.     The  mouth  is 
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inferior  in  position^  and  is  toothless.    An  anus  is  usually  present^ 
but  may  be  absent. 

The  two  most  striking  features  which  distinguish  the  Star- 
fishes from  the  Sea-urchins  are  the  star-like  figure  of  the 
former,  and  the  fact  that  the  body  is  not  enclosed  in  an 
immovable  calcareous  box  or  "test,"  as  it  is  in  the  latter. 
The  integument  of  the  Asteroidea  is,  however,  so  richly  pro- 
vided with  calcareous  matter,  that  though  more  or  less  soft 
and  flexible  during  life,  it  is  quite  capable  of  being  preserved 
in  a  fossil  condition.  It  is,  of  course,  wholly  with  the  cal- 
careous secretions  of  the  animal  that  the  palaeontologist  has  to 
deal ;  and  we  may,  therefore,  dispense  with  any  further  account 
of  the  soft  parts,  beyond  what  is  contained  in  the  above  defini- 
tion. 

In  their  form  the  Star-fishes  differ  considerably,  though  in 
most  the  figure  is  markedly  stellate.  The  animal  consists  of 
a  central  body  or  "  disc,"  which  gives  off  radiating  processes 
or  "  arms,"  but  the  size  of  the  disc  is  very  different  in  different 
species,  and  the  arms  vary  greatly  in  length  and  in  number. 
In  many  living  and  extinct  forms  the  "  disc  "  is  inconspicuous, 
and  appears  to  be  formed  simply  by  the  junction  of  the  bases 
of  the  arms,  which  in  this  case  are  normally  five  in  number. 
The  living  Urasters  and  CribeUce^ 
and  the  extinct  Palceasters  (fig.  65), 
may  be  taken  as  examples  of  this 
state  of  parts.  In  other  forms,  as 
in  the  Sun-stars  {Solaster)  and  the 
extinct  Lepidasters  and  Flumasters, 
the  disc  is  very  broad,  exceeding  or 
equalling  the  length  of  the  arms  in  its 
diameter;  whilst  the  rays  vary  in  num- 
ber, from  eight  or  ten  up  to  thirty 

or    more.       In    the    Cushion-stars  v-  • 

{Goniaster  and  Goniodiscus\  again,  nSf'  ^^iww^saSSL  ''^'*'*^" 
the  body  is  pentagonal,  disc-shaped, 

and  flattened  on  the  two  sides,  and  the  arms  can  only  be 
recognised  by  the  ambulacral  grooves  on  the  lower  surface 
(fig.  66). 

On  the  upper  surface  of  the  body,  placed  nearly  in  the 
centre  of  the  disc,  is  the  aperture  of  the  anus,  when  this  is 
present;  but  the  genera  Astropecten,  CtenodiscuSy  and  Luidia 
are  destitute  of  a  vent  Also  on  the  upper  surface  is  the 
"  madreporiform  tubercle,"  in  the  form  of  a  spongy  or  striated 
disc  placed  at  the  angle  of  junction  of  two  rays.  It  has  the 
same  function  as  in  the  Echinoids,  serving  to  protect  the 
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entrance  to  the  water-vascular  system.  Ordinarily  there  is  a 
single  madreporiform  tubercle,  but  in  some  genera  there  are 
two,  three,  or  more  tubercles ;  and  there  seems  in  some  cases 
to  be  a  correspondence  between  the  number  of  the  arms  and 
the  number  of  madreporic  plates. 

Placed  in  the  centre  of  the  lower  surface  is  the  mouth,  at 
the  angles  of  which  are  the  so-called  "oral  plates"  (fig,  66), 
Radiating  from  the  mouth  are  a  series  of  furrows,  varying  in 
number  with  the  arms,  and  termed  the  "  ambulacral  grooves." 
Each  ambulacral  groove  is  continued  along  the  lower  surface 
of  one  of  the  arms,  tapering  gradually  towards  the  extremity 
of  the  latter.  The  floor  of  each  groove  is  constituted  by  a 
double  row  of  minute  calcareous  pieces — the  "ambulacral 
ossicles " — which  are  movably  articulated  to  one  another  at 
their  inner  ends.  At  the  bottom  of  each  groove  is  lodged  one 
of  the  radiating  canals  of  the 
water-vascular  system  or  am- 
bulacral system,  from  which 
are  given  off  the  rows  of  suc- 
torial feet,  or  "  tube  feet" 
It  follows  from  this  that  the 
radiating  vessels  of  the  am- 
bulacral system  are  outside 
the  chain  of  ambulacral  os- 
sicles, so  that  these  latter 
are  to  be  regarded  as  an 
internal  skeleton,  and  they 
Fig.M.— DiBenniofBStar-itih(CtiH£ufn'),  do  not  correspond  with  any 
^dtmluhrni"^^^"^.  Ambl.i^.:!^!' o*  P^  o^  "^^  Skeleton  of  Echi- 
mits,  with  ihe  amiiujMrsi  pores  beiwctn  noids*  —  at  Icast  they  do 
ihe'Lbuiic^i  (rJ«s:  ^fM^nJ  pii',«  not  correspond  with  the  per- 
iwipiing  fn  man)'  spKjti);  ff.  Oral  plates,     foratcci  ambulacral  plates  of 

placed  ill  Ihe  ingtej  of  the  mouth.  .-,        i-  ■,  •  A-\ 

the  Sea-urchins.  The  am- 
bulacral ossicles,  however,  of  the  Star-fishes  are  of  such  a  form 
that  by  their  apposition  an  aperture  or  pore  is  formed  between 
each  pair.  By  means  of  these  pores  (fig.  66,  a)  the  tube-feet 
communicate  with  a  series  of  little  bladders  placed  above  the 
chain  of  ossicles.  These  perforations,  however,  do  not  corre- 
spond with  the  perforated  plates  of  the  Echinoid  test,  and  the 
tube-feet  of  the  Star-fishes  pass  through  no  "  poriferous  "  plates 
on  their  way  to  the  exterior. 
This  may  be  rendered  more  intelligible  by  examining  a 

•  The  structures  in  the  Echinus,  which  are  Inily  homologous  wilh  the 
ambulacral  o^icles  of  the  Asteroidea  and  Op&iurmdca,  are  the  so-called 
"auricuke." 
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section  of  the  arm  of  a  Star-fish  from  which  the  soft  parts  have 
been  removed  (fig.  67).  In  such  a  section  the  ambulacral 
ossicles  (a,  a)  are  seen  in  the  centre  of  the  lower  surface, 
united  along  the  middle  hne  by  their  inner  extremities.  They 
are  so  placed  as  to  form  a  kind  of  elongated  pent-house,  and 
immediately  beneath  the  line  where  the  ossicles  of  one  side 
are  articulated  with  those  of  the  other  side  is  placed  the 
ambulacra!  vessel  (6).  Superficial  to  this,  again,  is  a  nerve- 
cord  ;  so  that  the  whole  chain  of  ambulacral  ossicles  is  placed 
in  the  midst  of  the  soft  parts  of  the  animal,  and  is  thus  clearly 
an  internal  skeleton.  At  their  outer  extremities  the  ambulacral 
ossicles  are  articulated  by  the  intervention  of  the  "  adambulac- 
ral  plates  "  (fig.  66,  i),  with  plates  belonging  to  the  external 
or  integumentary  skeleton  to  be  immediately  described.  As 
before  said,  the  shape  of  the  ambulacral  ossicles  is  such  that  a 


pore  is  formed  by  the  apposition  of  each  pair ;  and  by  these 
apertures  each  tube-foot  communicates  with  a  vesicle  placed 

internal  to  the  chain  of  ossicles.  It  will  be  seen,  however, 
that  the  tube-feet  (indicated  by  the  dotted  lines  in  the  figure) 
do  not  pass  through  these  apertures,  or  through  any  other 
pores  of  the  skeleton,  on  their  way  to  the  surface.  The 
"  poriferous  zones  "  of  the  Sea-urchins  are  part  of  the  external 
skeleton,  and  are  not  represented  in  the  Star-fishes.  On  the 
Other  hand,  the  integumentary  skeleton  in  the  Star-fishes  is 
absent  along  the  ambulacral  areas,  or  along  the  areas  occupied 
by  the  ambulacral  grooves. 

Leaving  the  ambulacral  ossicles  or  internal  skeleton  of  the 
Asieroidea,  we  come  now  to  the  integumentary  skeleton.  This 
consists  of  a  vast  number  of  small  calcareous  pieces,  or  "  os- 
sicles," united  together  so  as  to  form  a  species  of  chain-armour. 
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The  ossicles  are  united  with  one  another  in  a  reticulated  man- 
ner, and  the  interspaces  between  them  are  filled  by  the  coria- 
ceous integument.  In  some  genera  there  is  a  single  or  double 
row  of  large  plates  round  the  borders  of  the  disc  and  arms 
(fig.  66,  m).  These  are  termed  the  **  marginal  plates."  The 
integument  in  the  Star-fishes  is  also  furnished  with  spines, 
tubercles,  and  granules  of  calcareous  matter.  The  spines 
vary  in  their  development  and  in  their  position  in  different 
Star-fishes  ;  but  there  is  commonly  a  row  of  spines  along  each 
side  of  each  of  the  ambulacral  grooves.  In  some  genera  (as 
in  SolasteTy  Luidia^  CtenodiscuSy  &c.)  there  are  spines  the 
summits  of  which  carry  bunches  or  tufts  of  minute  calcareous 
processes.  These  are  termed  "  paxillae.''  Lastly,  in  Asteroidea^ 
as  in  Echinoideay  there  are  the  modified  pincer-like  spines 
which  are  known  by  the  name  of  "  pedicellarige." 

As  regards  their  geological  distribution,  the  Asteroidea  have 
a  long  vertical  range,  extending  from  the  Lower  Silurian  Rocks 
to  the  present  day.  In  Silurian  seas  Star-fishes  abounded, 
and  the  Upper  Silurian  Rocks  especially  contain  their  remains 
in  what  may  be  considered  as  plenty.  The  leading  Silurian 
genera  are  PaUBaster^  Stenaster,  Palasterinay  Palaocoma  (Salter), 
Palaodiscus,  and  Petraster,  Some  of  the  more  familiar  Silurian 
forms  are  figured  below  (fig.  68).     The  next  period  in  which 


Fig.  68.— Silurian  Star-fishes.  A,  Palasterina  primeeva^  Upper  Silurian ;  B,  Palte' 
aster  Ruthvtni^  Upper  Silurian ;  C,  Palaocoma  Colvini,  Upper  Silurian.  (After 
Salter.) 

Star-fishes  abound  is  the  Oolitic  or  Jurassic  (Mesozoic),  the 
more  important  genera  being  Ur aster ^  Luidia^  Astropecterij  and 
Goniaster,  All  the  Oolitic  species  are  extinct,  but  the  genera 
have  mostly  survived  to  the  present  day.  In  the  Cretaceous 
period,  also,  many  Star-fishes  occur,  the  genera  Oreaster,  Go- 
niodiscus,  and  Stellaster  being  the  most  noticeable.  In  the 
Tertiary  Rocks  remains  of  Star-fishes  are  not  abundant,  but 
the  genera  Goniaster  and  Astropecten  are  represented  in  the 
London  Clay  (Eocene). 
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No  thoroughly  satisfactory  classification  of  the  Asteroidea 
has  been  as  yet  proposed,  but  the  following  are  the  names  of 
the  more  important  fossil  genera,  with  their  range  in  time : — 

Stenaster,  Lower  Silurian. 

Petraster,  

PcUtEOster.         Lower  Silurian  to  Carboniferous. 
Paiasterina,      Upper  Silurian. 

Palaocoma  (Salter).  

PaUrodiscus,      


Lepidaster, 

Pleuraster,  Trias, 

Uraster,  Jurassic  to  Recent 

Solaster.  '—^— 

Asirogonium,     

Goniaster.  

Astropecten,       

Luidia.  

Arthraster,  Cretaceous. 
Oreaster, 


Stdlaster,           Cretaceous  to  Recent. 
Gonioducus, 


Order  III. — Ophiuroidea. 


The  Ophiuroidea  are  often  grouped  with  the  Asteroidea,  and 
the  living  members  of  the  order  are  known  commonly  as 
Brittle-stars  and  Sand-stars.  They  are  distinguished  from  the 
true  Star-fishes  by  the  fact  that  the  ^^disc*^  contains  all  the 
internal  organs  of  the  animal ;  the  "  ar?ns  "  are  not  grooved  in- 
feriorly  for  the  emission  of  ambulacral  tube  feet;  and  the  mouth 
is  provided  with  a  masticatory  apparatus.  The  Ophiuroids  are 
very  conspicuously  star-shaped,  and  consist  of  a  central  "  disc  " 
and  a  series  of  radiating  "  arms "  (fig.  69).  The  "  disc  "  is 
truly  disc-shaped,  and  is  covered  with  granules,  spines,  or 
scales.  From  the  disc  proceed  the  arms,  in  the  form  of  long 
and  slender  processes,  which  may  be  simple  or  branched,  but 
which  differ  from  the  arms  of  Star-fishes  in  not  containing  any 
prolongations  from  the  stomach,  and  in  never  having  their 
under  surfaces  furrowed  by  ambulacral  grooves.  The  arms, 
in  fact,  are  special  processes  superadded  for  the  purposes  of 
prehension  and  locomotion,  and  rendered  necessary  by  the 
fact  that  the  ambulacral  system  takes  no  part  in  the  function 
of  locomotion,  as  it  does  in  the  Star-fishes.  A  madreporiform 
tubercle,  however,  is  present,  and  is  placed  on  the  inferior 
surface  of  the  body,  being  commonly  concealed  by  one  of  the 
plates  surrounding  the  mouth.  The  mouth,  as  in  the  Star- 
fishes, is  placed  in  the  centre  of  the  lower  surface  of  the  disc  \ 
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but  the  stomach  terminates  blindly ;  and  there  is,  therefore,  no 

anal  aperture. 

Each  aim  is  furnished  mth  an  internal  and  an  external 
skeleton.  The  internal  skeleton  consists,  as  in  the  star-fishes, 
of  a  chain  of  "  ambulacral  ossicles,"  placed  along  the  centre 
of  the  arm.  The  ossicles  are,  however,  now  amalgamated  in 
pairs,  each  coalescing  with  its  fellow  on  the  opposite  side ;  so 
that  in  place  of  a  double  row  of  movably  articulated  ossicles, 
we  have  a  single  row  of  bilaterally  symmetrical  pieces. 


The  external  skeleton  of  the  arms  is  composed  of  four  rows 
of  plates,  one  on  the  dorsal  surface,  one  on  the  ventral,  and 
one  on  each  lateral  surface.  The  lateral  plates  generally  carry 
more  less  developed  spines.  In  the  extinct  genus  Prolaster 
it  is  said  that  the  plates  of  the  ventral  row  are  double ;  and 
PtUonaster  is  stated  to  possess  four  ventral  rows  of  plates. 
The  disc,  as  before  said,  has  a  well-developed  external  skeleton 
of  scales,  granules,  and  spines ;  but  there  are  never  any  of 
those  modified  spines  which  are  known  as  "  pedicel lariae,"  and 
which  occur  in  the  Asteroids  and  Echinoids. 
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As  regards  their  distribution  in  time,  the  OpMuroidea  are 
represented  for  the  first  time  in  the  Upper  Silurian  Rocks  by 
the  genus  Prolaster  (fig.  70),  unless  Taniaster  be  rightly  re- 


ferred here,  in  which  case  the  order  begins  in  the  Lower 
Silurian.  No  other  Palseozoic  genera  have  been  satisfactorily 
made  out  In  the  Muschelkallc,  the  middle  member  of  the 
Trias,  we  have  a  well-marked  species,  the  Aspidura  loricata  of 
Goldfiiss  (fig.  71).     In  the  Oolitic,  Cretaceous,  and  Tertiaiy 


Rocks,  Ophiuroids  are  by  no  means  uncommon,  and  they  be- 
long for  the  most  part  to  genera  which  exist  at  the  present  day. 
Great  uncertainty  prevails  as  to  the  generic  characters  of  these 
animals  ;  but  the  Mesozoic  forms  are  for  the  most  part  gene- 
rally referred  to  the  genera  Ophiolepis,  Ophioderma,  Ophiocoma, 
Amphiura,  and  Acroura. 
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CHAPTER-  XII. 

CRINOIDEA,  CYSTOWEA.  AND  BLASTOIDEA. 

Order  IV. — Crinoidea. 

The  Crinoiis  or  Sea-lilies  are  Echtnodermata  in  which  the  body 
is  fixed,  during  the  whole  or 
a  portion  of  the  existenee  of 
the  animal,  to  the  sea-6oltom 
by  means  of  a  longer  or  shorter 
jointed  or  flexible  stalk.  The 
body  is  provided  with  solid 
arms  which  are  primarily 
five  to  ten  in  number,  are 
independent  of  the  visceral 
cavity,  and  are  grooved  on 
their  upper  surface.  The 
arms  are  furnished  with  lat- 
eral processes  or  "pinnula," 
and  the  reproductive  orgatis 
are  lodged  beneath  the  integu- 
ment on  the  ventral  surface  of 
these,  and  are  not  placed  in 
the  body-cavity. 

If  we  take  such  a  living 
Crinoid  as  Rhizocrinus  (tig. 
72),  we  shall  be  able  to  ar- 
rive at  a  comprehension  of 
the  leading  characters  of  this 
order,  Rhizocrinus  is  one 
of  those  Crinoids  which  is 
permanently  rooted  to-some 
foreign  object  by  the  base 
of  a  stalk  which  is  composed 
of  a  number  of  calcareous 
pieces  or  articulations.  In 
some  cases  (as  in  Apiocrinus, 
fig.  81),  the  base  of  the  stem 
or  "column "  is  consider- 
ably expanded.  In  other 
cases  the  column  is  simply 
'  ■       '  "  rooted  by  a  whorl  of  ter- 

minal cirri  in  soft  mud  "  (Wyville  Thomson).     The  joints  of 
the  column  are  movably  articulated  to  one  another,  the  joint- 
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surfaces  often  having  a  very  elaborate  structure,  so  that  the 
entire  stem  possesses  in  the  living  state  a  greater  or  less 
amount  of  flexibility.  Each  joint  is  perforated  centrally  by  a 
canal,  which  is,  very  inappropriately,  termed  the  "  alimentary 
canal,"  but  which  in  truth  has  nothing  to  do  with  the  digestive 
system  of  the  animal.  At  the  summit  of  the  stem  is  placed 
the  body,  which  is  termed  the  "  calyx,'*  and  which  is  usually 
more  or  less  cup-shaped,  pyriform,  bursiform,  or  discoidal. 
The  calyx  exhibits  two  surfaces,  a  dorsal  and  a  ventral,  of 
which  the  dorsal  is  composed  of  calcareous  plates  articulated 
by  their  margins,  whilst  the  former  is  composed  of  a  more  or 
less  leathery  integument  strengthened  by  the  deposition  in  it 
of  numerous  small  plates  of  carbonate  of  lime.  The  ventral 
surface  exhibits  the  aperture  of  the  mouth,  which  may  be  sub- 
central  or  may  be  very  excentric,  and  which  in  many  extinct 
forms  is  wholly  concealed  from  view.  The  ventral  surface  also 
exhibits  the  aperture  of  the  anus,  which  is  usually  placed  ex- 
centrically  in  one  of  the  spaces  between  the  arms,  and  which 
is  generally,  if  not  universally,  carried  at  the  end  of  a  longer 
or  shorter  tubular  eminence  or  process,  which  is  called  the 
"  proboscis."  Owing  to  the  animal  being  supported  on  a  stalk, 
it  is  evident  that  the  "  ventral "  surface  is  turned  upwards,  and 
the  "  dorsal "  surface  downwards.  The  column  springs  from 
the  centre  of  the  dorsal  surface ;  and  a  stalked  Crinoid  may, 
therefore,  be  compared  to  a  Star-fish  turned  upside  down,  with 
its  lower  or  ambulacral  surface  superior,  and  its  dorsal  surface 
looking  downwards.  The  calyx  contains  the  digestive  canal 
and  the  central  portions  of  the  nervous  and  water-vascular 
(ambulacral)  systems ;  but  it  does  not  contain  the  reproduc- 
tive organs,  as  is  the  case  with  the  visceral  cavity  of  the  other 
Echinoderms. 

From  the  margins  of  the  calyx,  where  the  dorsal  and  ventral 
surfaces  join  one  another,  arises  a  series  of  longer  or  shorter 
flexible  processes,  which  are  composed  of  a  great  number  of 
small  calcareous  articulations,  and  which  are  termed  the  "arms'* 
(fig.  73).  The  arms  are  usually  primarily  five  in  number,  but 
they  generally  divide  almost  immediately  into  two  branches, 
each  of  which  may  again  ^bdivide ;  the  branches  thus  pro- 
duced perhaps  again  dividing,  until  a  crown  of  delicate  graceful 
filaments  is  formed.  The  arms  carry  smaller  lateral  branches 
or  "  pinnulae  "  on  both  sides ;  and  they  are  not  hollow  like  the 
arms  of  the  Star-fishes,  nor  do  they  contain  any  prolongations 
of  the  stomach.  The  upper  surface  of  the  arms  and  pinnulae 
is  covered  with  a  soft  membrane,  and  below  this  are  placed 
the  reproductive  organs.     The  generative  organs  are,  there- 
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fore,  not  placed  within  the  calyx,  and  it  follows  of  necessity  ■ 
that  there  is  no  generative  opening  or  "ova- 
rian aperture"  in  the  walls  of  the  calyx. 
The  ventral  surfaces  of  the  arms  and  pin- 
nute  are  furnished  with  grooves,  wiiich 
in  the  living  species  are  seen  to  be  co- 
vered with  vibratile  cilia.  The  brachial 
grooves  coalesce  till  they  constitute  five 
primary  grooves,  which  are  continued  from 
the  bases  of  the  arms  to  the  mouth.  The 
action  of  the  cilia  gives  rise  to  a  constant 
current  of  sea-water,  bearing  organic  mat- 
ter in  solution ;  and  this  current  proceeds 
from  the  brachial  grooves  to  the  mouth. 
In  this  way  the  animal  obtains  its  food. 
As  the  bases  of  the  arms  are  separated 
fi-om  the  mouth  by  an  intervening  space, 
it  follows  that  the  brachial  grooves  are 


a  magiiiied  %ure  of  pan  of  < 


continued  over  the  ventral  surface  of  the  calyx,  till  they  reach 
the  oral  opening. 
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There  is  no  doubt  that  it  is  by  the  above  arrangement  that 
the  hving  Crinoids  obtain  their  food,  and  the  mechanism  seems 
to  have  been  essentially  the  same  in  many  extinct  species.  In 
the  PalBEOzoic  Crinoids,  however,  there  seems  to  have  been  a 
modification  of  this  arrangement.  In  these  forms,  as  in  Actino- 
fr(n«j(fig.7s),  the  anns  have  much  the  structure  of  those  of  the 
recent  Crinoids,  and  are  deeply  grooved  on  theirventral  surfaces. 
The  ventral  surface  of  the  calyx,  however,  exhibits  no  central 
aperture,  but  only  a  proboscidiform  tube,  which  arises  from  one 
of  the  inter-radial  spaces  {i.e.,  one  of  the  intervals  between  two 
of  the  arms).  This  tube  is  often  of  great  length,  and  a  good 
deal  of  controversy  has  taken  place  as  to  its  nature.  Without 
entering  into  the  conflicting  views  upon  this  subject,  it  may  be 
Stated  that  the  preponderance  of  authority  is  in  favour  of  the 
view  that  this  "  proboscis  "  is  an  anal  tube,  having  the  vent  at 
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its  extremity.  Good  observers,  however,  regard  it  as  dischaig- 
ing  the  functions  of  both  the  mouth  and  the  anus.  Be  this  as 
it  may,  the  grooves  on  the  ventral  surfaces  of  the  arms  are 
certainly  not  continued  over  the  ventral  surface  of  the  calyx, 
but,  on  the  contrary,  stop  short  at  the  bases  of  the  arms.  Their 
further  course  was  long  a  mystery ;  but  it  is  now  known  that 
they  are  continued  below  the  ventral  surface  of  the  calyx  as  a 
series  of  covered  passages  or  tunnels,  the  external  apertures  of 
which  are  placed  at  the  points  where  the  arms  spring  from  the 
disc  (see  figs.  74-76}.  These  covered  channels  are  either 
simply  roofed  over  by  the  calcareous  integument  of  the  calyx, 
or  are  rarely  excavated  in  its  walls ;  and  they  converge  to  a 
central  point  in  the  middle  of  the  ventral  sur&ce  of  the  disc. 
Here,  it  is  believed,  is  placed  the  mouth,  concealed  by  the 
calcareous  plates  of  the  perisome.  From  the  known  function 
of  the  brachial  grooves  in  the  living  Crinoids,  this  view  would 
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seem  to  be  the  most  probable  one;  but,  as  before  remarked, 
good  authorities  regard  the  excentric  "proboscis"  as  the 
mouth. 

In  another  group  of  Crinoids,  represented  by  the  living 
Feather-stars  {Comalula)  and  the  extinct  Saccosoma  (fig.  77), 


the  animal  is  only  stalked  when  young,  and  in  its  adult  con- 
dition leads  a  free  life.  The  young  form  in  the  members  of 
this  group  is  supported  upon  a  jointed  calcareous  column,  by 
which  it  is  fixed  to  some  foreign  object ;  and  at  this  stage  it  in 
no  respect  differs  from  the  ordinary  stalked  Crinoids.     At  a 
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certain  period  of  its  existence,  however,  the  calyx  drops  off  its 
column,  and  becomes  a  locomotive  animal.  It  now  has  a 
near  resemblance  to  one  of  the  Brittle-stars  (Ophiuroidea) ; 
but  is  distinguished,  not  only  by  its  developmental  history, 
but  by  the  possession  of  lateral  pinnae  to  the  arms,  and  in 
having  the  reproductive  organs  situated  external  to  the  body 
proper.  In  the  Feather-stars  {Comatula  or  Antedon)  the  dorsal 
surface  of  the  disc,  at  the  point  where  the  column  was  origi- 
nally inserted,  carries  a  series  of  jointed  filaments  or  "  cirri," 
by  which  the  animal  can  moor  itself  to  any  foreign  object 
These  may  be  regarded  as  homologous  with  the  "  side-arms" 
of  the  column  of  certain  Crinoids.  When  the  animal  is  thus 
temporarily  moored  by  its  dorsal  cirri,  it  is  placed  in  the 
ordinary  position  held  by  the  Crinoids  —  namely,  with  the 
mouth  and  ventral  surface  of  the  disc  looking  upwards.  When 
creeping  about,  on  the  other  hand,  by  means  of  the  long  and 
flexible  arms,  the  animal  occupies  the  position  held  by  the 
Star-fishes  and  Ophiuroids — namely,  with  the  mouth  and  ven- 
tral surface  of  the  disc  directed  downwards,  or  towards  the 
ground. 

Having  now  given  a  general  account  of  the  structure  of  the 
Crinoids,  it  remains  to  consider  some  of  their  parts  in  greater 
detail.  In  the  first  place,  as  regards  the  "  column,"  we  find 
that  the  stem  of  attachment  is  composed  of  a  great  number  of 
separate  plates  or. "  articulations  "  placed  one  above  the  other, 
and  so  jointed  to  one  another  that  whilst  the  amount  of  move- 
ment between  any  two  pieces  must  be  very  limited,  the  entire 
column  acquires  more  or  less  flexibility.  The  column  is  per- 
forated by  a  round  or  five-sided  canal  which  pierces  every 
joint,  and  runs  along  the  entire  length  of  the  stem.  In  the 
Palaeozoic  Crinoids,  with  few  exceptions,  the  column  was 
round  ;  but  in  Plaiycrinus  it  is  oval  or  elliptical  (fig.  73).  In 
the  genera  Pentacrinus  (fig.  78)  and  Extracrinus  tiie  column  is 
pentagonal  in  outline  ;  but  much  less  markedly  so  in  the 
former  than  in  the  latter  genus.  The  joints  articulate  with 
one  another  by  surfaces  or  facets  which  are  differently  marked 
.  in  different  cases.  In  the  Palaeozoic  forms,  as  in  Piatycrinus 
(fig.  73),  the  articulating  facets  are  marked  by  more  or  less 
mumerous  striae  which  radiate  from  near  the  centre  of  the  joint 
In  most  of  the  Mesozoic  genera,  on  the  other  hand,  as  in 
Pentacrinus  (fig.  78),  the  articulating  facets  are  united  by 
crenated  ridges  arranged  in  a  pentapetalous  figure.  In  many 
cases,  as  in  Extracrinus  and  Pentacrinus,  the  column  is  fur- 
nished with  more  or  less  numerous  "auxiliary"  arms,  or  "side- 
arms/'  the  function  of  which  is  not  altogether  clear. 
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The  dorsal  surface  of  the  cup  or  "  calyx"  is  composed  of  a 
number  of  calcareous  plates  accurately  fitted  together.  The 
number  and  arrangement  of  these   vary  much  in  different 


genera,  and  it  will  be  sufficient  to  indicate  here  their  general 
disposition.     Reposing  directly  upon  the  summit  of  the  column 
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is  a  series  of  plates  which  are  termed  "basal"  from  their 
position,  and  which  constitute  the  "  pelvis  "  of  Miller,  I'he 
"basals"  may  be  five,  four,  or  sometimes  three  in  number, 
and  they  form  the  lowest  portion  of  the  cup.  In  some  cases 
the  "basals"  are  succeeded  by  a  second  row  or  cycle  of  plates, 
which  should  properly  be  regarded,  with  Professor  Beyrich,  as 
a  second  series  of  basals,  but  which  axe  sometimes  regarded 
as  something  special,  and  are  termed  the  "parabasals"  or 
"  sub-radials."     The  basals  (fig.  79,  i)  are  succeeded  by  a 


r!^-! 


series  of  two  or  three  rows  of  plates,  which  are  directly  super- 
imposed upon  one  another,  and  which  form  the  foundations  of 
the  arms  {r,  r).  These  are  termed  the  "  radials"  (the  "  cos- 
tie "  of  Miller),  and  are  termed  "  primary,"  "  secondary,"  and 
"  tertiary,"  according  to  their  distance  from  the  basals.  The 
last  radial  plates,  or  those  furthest  from  the  column  (some- 
times called  the  "  axillary  radials  "),  give  origin  to  the  arms. 
The  radial  plates  are  arranged  in  a  series  of  vertical  columns, 
which  extend  from  the  summit  of  the  basals  to  the  bases  of 
the  arms.  Between  the  different  columns  of  radial  plates, 
however,  are  intercalated  certain  other  smaUer  plates,  which 
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alternate  with  one  another,  and  which  are  termed  "inter- 
radials  '*  (/).  Lastly,  one  of  the  interradial  spaces,  correspond- 
ing with  the  anus,  is  usually  much  wider  than  the  others,  and 
is  furnished  with  an  additional  series  of  plates,  which  are  called 
the  "  anal  plates  "  {a). 

As  regards  their  general  distribution  in  time,  the  Crinoidea 
present  us  with  an  excellent  example  of  a  group  which  early 
attained  its  maximum  of  development,  and  which  has  now 
dwindled  down  to  some  half-dozen  surviving  species.  With 
one  or  two 'doubtful  exceptions,  the  Crinoids  appear,  so  far  as 
yet  known,  to  have  commenced  their  existence  in  the  Lower 
Silurian  period,  and  they  are  represented  by  numerous  and 
very  varied  forms  in  the  seas  of  the  Upper  Silurian  period. 
Amongst  the  commoner  Silurian  genera  may  be  mentioned  Cro- 
talocrintis^  GlyptocrinuSy  IchthyocrinuSy  PeriechocrinuSy  Rhodo- 
crinuSy  Poteriocrinus,  and  Taxocrinus.  In  the  Devonian  Rocks, 
also,  Crinoids  are  plentiful,  and  the  genera  Cupressocrinus,  Hap- 
locrinus,  and  Melocrinusy  may  be  mentioned  as  peculiar  to  this 
period.  It  is  in  the  earher  portion,  however,  of  the  Carbonifer- 
ous period  that  the  Crinoids  attain  their  highest  development 
The  Carboniferous  Limestone  is  in  many  places,  over  wide 
areas,  and  for  a  thickness  of  many  yards,  almost  entirely  made 
up  of  the  debris  of  Crinoids;  and  in  many  places  it  is  so 
charged  with  the  remains  of  these  organisms  as  to  deserve  and 
acquire  the  name  of  "  crinoidal  limestone "  or  "  entrochal 
marble.'*  Amongst  the  commoner  Carboniferous  genera  may 
be  mentioned  CyathocrinuSy  Adinocrinus  (fig.  74),  Platycrinus 
(fig.  73),  PoteriocrinuSy  and  Taxocrinus,  It  is  in  the  Palaeozoic 
period,  then,  that  the  Crinoids  attain  their  maximum,  both 
numerically  and  as  regards  the  number  of  genera  and  species. 
Taken  as  a  whole,  the  Palaeozoic  Crinoids  are  distinguished 
by  the  characters  already  mentioned ;  namely,  by  having  the 
brachial  grooves  conveyed  to  the  mouth  in  concealed  channels 
or  tunnels,  in  having  mostly  a  rounded  column,  and  in  the 
fact  that  the  articular  facets  of  the  column-joints  usually  are 
marked  by  numerous  simple  radiating  striae.  As  a  rule,  also, 
the  Palaeocrinoids  have  a  calyx,  in  which  the  dorsal  surface  has 
a  preponderating  development  as  compared  with  the  ventral 
surface. 

Coming  to  Mesozoic  times,  Crinoids  are  still  abundant, 
though  certainly  reduced  in  numbers  as  compared  with  their 
development  in  the  Palaeozoic  period.  Taken  as  a  whole,  the 
Mesozoic  Crinoids  are  characterised  by  having  the  brachial 
grooves  continued  over  the  ventral  surface  of  the  disc,  and  by 
having  the  ventral  portion  of  the  calyx  more  extensively  de- 
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veloped  than  the  dorsal ;  whilst  the  articular  surfaces  of  the 
column-joints  are  usually  inoiticed  to  one  another  by  means  of 
crenated  ridges  which  have  a  flower-like  arrangement  Neither 
of  these  latter  characters,  however,  is  constant  In  the  Meso- 
zoic  Rocks,  also,  appear  for  the  first  time  remains  of  the 
free  Crinoids  allied  to  the  living  Comatula.  The  genus  Saeat- 
soma  (fig.  77)  is  exclusively  Oolitic,  and  appears  to  form  in 
some  respects  a  connecting  link  between  the  true  Crinoids  and 
the  Ophiuroidea.  In  the  Chalk  the  genus  Comatula  seems  to 
be  represented;  and  the  Cretaceous  genus  MarsupUes  (the 
"  Tortoise  Encrinite  ")  presents  us  with  a  form  which  is  inter- 
mediate between  the  fixed  Crinoids  and  the  forms  which  lead 
a  free  existence  when  adult 

Of  the  stalked  Crinoids  of  the  Mesozoic 
period,  the  genera  Encrinus,  I'entaerinus, 
Exiraerinus,  and  Apioerinus  are  especially 
noticeable.  In  the  genus  Encrinus  (fig. 
80)  the  arms  are  composed  of  a  double 
series  of  alternating  pieces,  and  carry  pin- 
nules on  their  inner  surfaces.  The  joints 
of  the  column  are  perforated  by  a  small 
round  "alimentarycanal,"  The  best-known 
species  is  the  famous  Lily-encrinite  (E.  lilii- 
formis,  fig.  80),  which  is  characteristic  of 
the  Muschelkalk,  the  middle  member  of 
the  Trias. 

In  the  genus  Pentacrinus  and  the  nearly 
allied  Exiracrinus,  the  calyx  is  short  and 
composed  of  few  plates  ^five  basals  and  five 
radials).  The  column  is  pentagonal,  with 
whorls  of  side-arms,  and  the  articulating 
surfaces  of  the  joints  are  marked  with  pen- 
tapetalous  ridges.  The  arms  are  long, 
slender,  and  branched.  Amongst  the  best- 
known  species  are  the  Pentacrinus  fascicu- 
iosus  of  the  Lias,  and  other  nearly  allied 
forms  of  the  same  formation. 

In  the  Apiocrinida  or  "  Pear-En  crinites  " 
(fig.  81},  the   animal  was  fixed  to   some 
foreign  object  by  a  dilated  base,  and  the    Ts.»^—Encriiniim- 
column  was  long  and  composed  of  nunier-     J""'"-  ' 

ous  joints.  The  articulating  surfaces  of  the  column-joints  are 
marked  with  simple  ridges,  and  the  stem  is  rounded  and  not 
pentagonal.  The  last  joints-of  the  column  gradually  increase 
in  diameter,  until  they  attain  a  size  equal  to  the  breadth  of  the 
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calyx.  Upon  the  last  of  these  developed  column-joints  rest 
the  basal  plates  of  the  calyx  proper,  and  upon  the  margins  ot 
the  calyx  is  inserted  a  circle  of  bifid  and 
pinnate  arms.     Although  the  calyx  itself 

is  of  large  size,  the  internal  cavity  or  vis- 
ceral chamber,  in  which  the  soft  parts  of 
the  animal  were  contained,  is  comparatively 
very  small.  The  best-known  species  of 
Apiocrinus  are  the  A.  rotutidus  of  the 
Great  Oolite  and  the  A.  Moissyanus  (fig. 
8i)  of  the  Coral  Rag. 

In  the  Cretaceous  period  the  Apiocrinida 
are  represented  by  the  genus  Bourgudi- 
ertnus,  and  the  living  genus  Rhiiocrinut 
(fig.  72)  would  appear  also  to  be  a  repre- 
sentative of  this  iamily.  The  free  Crinoids 
are  pretty  well  represented  also  in  the 
Cretaceous  period,  the  White  Chalk  having 
yielded  the  discs  of  Cotaatuim,  along  with 
the  singular  "  Tortoise-encrinite  "  {Marsa- 
pites),  which  would  seem  to  connect  the 
stalked  Crinoids  with  the  free  forms. 

In  the  Tertiary  period  the  Crinoids  are 
reduced,  so  far  as  is  certainly  known,  to 
the  single  genus  Pmtacrinus,  which  is  re- 
presented at  the  present  day  by  the  living  | 
Peittacrinus  Caput-Medusa  of  the  Antilles, ; 
The  best-known  species  is  the  P.  svb-^ 
basaltiformis  of  the  Eocene. 

A  good  classification  of  the  Crinoids  is 
stiti  a  desideratum.  Commonly  they  have 
been  divided  into  two  groups  termed  x^ 
speclivelyj^rtKw/fl/aand  TJyjiviiAi,  accord- 
ing as  the  radial  plates  of  the  calyx  are 
freely  articulated  to  one  another,  or  are 
immovably  joined  together  without  articu- 
lation. This  arrangement  is  a  far  from 
satisfactory  one  ;  but  if  accepted,  we  should 
have  all  the  Mesozoic  and  Kainozoic 
Crinoids  (except  Marsupites)  in  the  divi- 
sion of  the  Crinoidea  articulata.  On  the 
other  hand,  the  division  of  the  Crinoidea 
tesseiata  would  correspond  with  the  Palseo- 
Fij.  81.  —AjiacriHui     Crinoids,  comprising  all  the  species  known 

Jf™™B«     Middle Oo-      f,„„  t,,„  T>,|^„,„;     - 


from  the  Palaeozoic  formations. 


CYSTOIDEA.  129 

The  division  of  the  Crinoidea  into  stalked  and  free  fonns  is 
in  many  respects  inapplicable  as  a  basis  of  zoological  classifi- 
cation. There  can,  however,  be  no  doubt  but  that  the  free 
Crinoids  are  structurally  an  advance  upon  the  fixed  forms.  It 
is,  therefore,  of  interest  to  note  that  the  stalked  Crinoids  had 
attained  their  maximum  in  the  Palaeozoic  Rocks,  and  had  even 
commenced  to  decline  before  the  free  Crinoids  first  made  their 
appearance  in  the  Mesozoic  Series. 

Order  V. — Cystoidea. 
The  Cyitoidea  are  Echinodermata  in  which  the  body  was 
endosai  in  a  series  of  calcareous  plates  accurately  articulated  by 
their  edges,  and  was  fixed  to  the  sea-bottom  by  a  longer  or  shorter 
dexible  jointed  stalk.  There  were  rarely  true  arms,  and  if  present, 
these  structures  are  much  less  developed  than  in  the  true  Crinoids. 


tt  fyriftirmii,  one  of  the  Cyitideuu.    The  rigbt-band  figure 


In  general  form  the  Cystideans  are  globular,  oval,  pear- 
shaped,  conical,  or  sub-cylindrical,  and  they  resemble  the 
Crinoids  in  consisting  of  a  stem  or  "  column  "  and  a  body  or 
"calyx."  The  column  is  composed  of  a  succession  of  cal- 
careous joints,  and  in  no  respect  differs  from  the  column  of 
the  Crinoids,  In  Lepadocrinus  (fig.  83,  D),  however,  it  is 
doubtful  if  the  column  was  affixed  to  any  foreign  body,  for  its 
lower  extremity  is  composed  of  a  single,  long,  spindle-shaped 
piece.  The  stalk  also  is  asserted  to  be  absent  altogether  in 
Sphesronites  pomum  and  in  the  genus  Agelacrimtes.  The  calyx 
consists  of  a  number  of  polygonal  calcareous  plates  accurately 
fitted  together,  and  enclosing  all  the  viscera  of  the  animal 
Sometimes  the  plates  are  indefinite  in  number  and  arrange- 
ment; but  in  other  cases  the  number  of  plates  is  limited,  and 
they  are  arranged  according  to  a  definite  plan.     In  other  cases 
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the  number  and  arrangement  of  the  plates  may  be  definite  on 
one  side  of  the  calyx  and  indefinite  on  the  other. 

As  regards  the  structure  of  the  arms  of  the  Cystideans, 
there  is  a  good  deal  of  diversity.  In  some  forms  there  were 
no  true  arms,  comparable  with  the  arms  of  the  Crinoids  ;  but 
there  were  small  jointed  processes,  which  were  attached  to  the 
calyx,  and  which  represent  the  "  pinnulse  "  or  lateral  branches 
of  the  arms  of  the  Crinoids.  In  some  cases,  grooves^-cor- 
responding  with  the  brachial  grooves  of  the  Crinoids — are 
seen  to  extend  from  the  point  of  attachment  of  each  pinnula 


to  the  summit  of  the  calyx.  In  other  cases,  as  in  Apiocystites 
and  Caltocystites,  arms  were  present,  but  they  were  bent  back- 
wards and  immovably  soldered  down  to  the  surface  of  the 
calyx.  The  arms  spring  in  these  cases  from  the  apex  of  the 
calyx,  and  are  anchylosed  by  their  dorsal  surfaces  to  the  body. 
On  their  ventral  surfaces  the  arms  are  grooved  by  furrows 
which  clearly  correspond  with  the  brachial  grooves  of  the 
Crinoids,  and  on  each  side  of  these  grooves  is  a  row  of  pin- 
nulae.  In  one  or  two  cases  there  is  only  a  single  row  of  pin- 
nules, and  the  arm  seems  to  have  been  fastened  to  the  calyx 
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by  one  of  the  lateral  surfaces,  instead  of  by  the  dorsal  surface. 
In  one  C3rstidean  only  (viz.,  Cotnarocystites  pundatm^  Billings) 
are  there  free  arms  as  in  the  true  Crinoids ;  but  further  re- 
searches will  doubtless  show  that  these  appendages  existed  in 
other  species  as  well.  In  Comarocystites^  however,  the  arms 
differ  from  those  of  the  Crinoids  in  being  only  four  in  number, 
in  not  subdividing  (though  they  carry  lateral  pinnae),  atid  "in 
arising  directly  from  the  summit  of  the  calyx. 

Upon  the  upper  surface  of  the  calyx  in  the  Cystideans  are 
two,  or  sometimes  three,  apertures,  the  functions  and  nature 
of  which  have  given  rise  to  considerable  controversy.  The 
best  known  of  these  is  a  large  opening  which  is  pierced  in  one 
side  of  the  calyx,  usually  near  the  middle  of  the  body,  but 
sometimes  approxunated  to  either  the  apex  or  the  base.  This 
aperture  is  mostly  defended  by  a  "valvular  pyramid;"  or,  in 
other  words,  by  a  series  of  small  plates,  arranged  in  a  pyra- 
midal manner,  and  serving  for  the  closure  of  the  opening. 
Much  difference  of  opinion  has  prevailed  as  to  the  true  nature 
of  this  orifice.  Von  Buch  believed  that  it  was  an  "  ovarian 
aperture ; "  Mr  Billings  regards  it  as  discharging  the  functions 
of  both  the  mouth  and  anus ;  whilst  Professor  Wyville  Thom- 
son, Mr  Salter,  and  other  high  authorities,  regard  it  as  being 
the  anus,  and  as  corresponding  with  the  proboscis  of  the 
Crinoids.  That  it  is  not  an  "  ovarian  orifice "  may  be  re- 
garded as  certain,  so  that  the  question  is  narrowed  to  its 
being  the  anus  alone,  or  an  "  oro-anal"  orifice.  In  the  living 
Leskia  mirabilis^  one  of  the  Sea-urchins,  both  the  mouth  and 
vent  are  closed  by  converging  triangular  valves,  which  doubt- 
less correspond  with  the  "  p)a'amid  '*  of  the  Cystideans.  This 
recent  form,  however,  is  not  sufficient  to  decide  the  present 
question,  since  in  it  both  the  mouth  and  the  anus  exhibit  this 
valvular  apparatus.  Upon  the  whole,  therefore,  this  question 
must  be  r^;arded  as  undecided,  though  the  analogies  of  recent 
forms  would  lead  to  the  belief  that  the  "pyramid"  of  the 
Cystideans  is  truly  the  anus,  and  that  the  mouth  must  be 
sought  for  between  the  bases  of  the  arms,  when  these  are 
present 

A  second  aperture  is  placed  near  the  centre  of  the  summit 
of  the  calyx,  between  the  bases  of  the  arms,  when  these  exist. 
This  opening  has  not  been  universally  detected,  and  its  true 
nature  is  doubtful.  By  Mr  Billings  it  is  believed  to  be  what 
he  terms  an  "ambulacral  orifice;"  /.^.,  an  aperture  by  which 
the  ambulacral  vessels  passed  from  the  interior  of  the  shell  to 
the  exterior.  The  analogies  of  recent  forms,  however,  would 
support  the  view  that  this  aperture  is  the  mouth,  in  which  case 
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the  "  pyramid  "  must  be  the  anus.  There  is,  however,  in  some 
cases  a  third  aperture  of  small  size,  always  placed  near  the 
apex,  and  this  has  been  regarded  as  being  truly  the  anus. 

Many  Cystideans  were  further  provided  with  a  system  of 
minute  pores  or  fissures,  penetrating  the  plates  of  the  calyx, 
and  usually  arranged  in  definite  groups.  These  groups  are 
termed  "  pectinated  rhombs  "  (fig.  84),  and  their  exact  func- 
tion is  doubtful.  By  Messrs  Billings  and  Rose,  however,  they 
are  believed,  apparently  with  good  reason,  to  have  admitted 
water  to  the  body-cavity,  and  to  have  thereby  subserved  a 
respiratory  function. 


Fie.  84.— A,  Pectinated  rhomb  of  Gfyptocystites  ntultipoms  (Billings).  B,  Pectinated 
rhomb  of  /*/rttr»nv/<7^j  (Billings).  C,  Two  plates  of  CeUlocystiUs  Jewetti  (Hall),  show- 
ing the  pectinated  rhombs  (/).    All  enlarged 

As  regards  the  distribution  of  the  Cystideans  in  time,  they 
are  not  only  wholly  extinct,  but  they  are  exclusively  confined 
to  the  earlier  portion  of  the  Palaeozoic  period.  They  appear 
to  have  commenced  their  existence  in  the  Upper  Cambrian 
period,  the  earliest  known  examples  being  two  extremely 
simple  forms  {Trochocystites  and  Eocystites)  from  the  "primor- 
dial zone"  of  North  America.  Other  forms  have  been  de- 
scribed as  occurring  in  the  "  primordial  zone "  of  Bohemia. 
In  the  Chazy  and  Trenton  Limestones  of  North  America,  of 
Llandeilo-Caradoc  age  (Lower  Silurian),  and  on  the  same 
horizon  in  Russia,  Scandinavia,  and  Bohemia,  Cystideans  are 
found,  often  in  vast  numbers,  though  in  a  very  fragmentary 
condition.  In  the  Bala  Limestone  (Lower  Silurian)  of  Britain, 
Cystideans  are  abundant  fossils.  In  the  Upper  Silurian  (Nia- 
gara and  Lower  Helderberg)  of  North  America,  and  on  the 
same  horizon  (Wenlock  and  Ludlow)  of  Britain,  Cystideans 
still  occur,  though  their  remains  are  not  so  plentiful.  Lastly, 
in  the  Devonian  Rocks  occur  forms  which  have  been  doubt- 
fully referred  to  Cystideans,  but  the  real  nature  of  which  is 
uncertain.  Upon  the  whole,  then,  the  Cystideans  appear  to 
have  commenced  in  the  Upper  Cambrian  Rocks,   to  have 
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attained  their  maximum  of  development  in  the  Lower  Silurian 
period,  to  have  gradually  diminished  in  numbers  and  in  im- 
portance during  the  Upper  Silurian,  .and  to  have  died  out 
at  the  commencement  of  the  Devonian  period,  or  shortly 
thereafter. 

Of  the  commoner  genera,  Heniicosmites  (fig.  82),  CaryocrinuSy 
and  EchinosphcBrites  have  all  the  plates  of  the  calyx  perforated 
by  numerous  pores.  Spharonites  has  each  calycine  plate  per- 
forated by  two  pores,  and  ApiocystiteSy  Cailocystites,  Prunocys- 
iitesy  and  Echinomcrinus  have  the  calycine  pores  arranged  in 
rhombs  upon  two  or  three  of  the  plates  of  the  calyx.  In 
Giyptocystites  there  are  from  ten  to  thirteen  of  these  "  pecti- 
nated rhombs."  In  McUocystites^  ApiccystiteSy  Caliocystites,  and 
Psmdocrinus  the  arms  are  recumbent  and  soldered  to  the 
calyx.  In  Comarocystites  there  were  four  free  arms  with  pin- 
nulse.  In  Lepadocrinus  the  last  joint  of  the  column  is  very 
much  elongated,  and  pointed  at  its  extremity ;  and  in  Ageia- 
crinites  and  some  other  forms  the  calyx  appears  to  have  been 
directly  attached  to  some  foreign  body,  and  a  column  seems 
to  have  been  wanting. 

Order  VI. — Blastoidea. 

The  Blastoidea  or  "  Pentremites "  are  Echinodermata  in 
which  tke  body  is  enclosed  in  an  armour  of  closely-fitting  calcareous 
platesy  and  is  fixed  to  some  foreign  object  by  a  slender  column. 
From  the  summit  of  the  calyx  radiate  five  areas  which  are  grooved 
longitudinally y  and  striated  across^  and  which  carry  a  row  of 
jointed pinnulce  on  each  side,     (Fig.  85.) 

The  Blastoidea  nearly  resembled  the  Cystideans  in  many 
respects.  The  body  or  "calyx"  is  enclosed  in  a  series  of 
articulated  calcareous  plates  consisting  of  three  large  basals, 
carrying  five  forked  plates,  which  are  usually  regarded  as 
corresponding  with  the  "radials"  of  the  Crinoids.  At  the 
angles  of  junction  of  the  forked  "radial"  plates  rest  five 
smaller  plates  —  the  so-called  "deltoid  plates" — which  con- 
verge towards  the  centre  of  the  summit  of  the  calyx.  Between 
these  deltoid  plates — ^which  are  generally  regarded  as  corre- 
sponding with  the  "  inter-radials  "  of  the  Crinoids — are  the  so- 
called  "  pseud  -  ambulacra."  The  pseud  -  ambulacra  radiate 
from  the  summit  of  the  calyx,  and  the  apex  of  each  is  re- 
ceived into  the  cleft  formed  by  the  bifurcation  of  one  of  the 
"radial"  plates.  Each  pseud-ambulacrum  is  furrowed  by  a 
longitudinal  groove  down  its  centre,  and  is  of  a  somewhat 
petaloid  shape,  the  areas  on  each  side  of  the  central  groove 
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being  transversely  stikted.    Along  the  lateral  margins  of  each 

pseud-ambulacrum  is  a  row  of  minute  pores,  which  open  into 
internal  sacs,  and  are  believed  to  have  had  a  respiratory  func- 
tion. Along  each  side  of  the  longitudinal  groove  of  each 
pseud-ambulacnun  there  appears  to  have  been  attached  a  row 
of  small  jointed  processes  or  "pinnulje."  The  five  pseud- 
ambulacra,  radiating  from  the  summit  of  the  calyx,  give  the 
upper  surface  of  the  body  somewhat  the  appearance  of  a 
flower-bud ;  hence  the  name  applied  to  the  order  (Gr.  blastos, 
a  bud ;  eidos,  form).  Upon  the  whole,  it  would  seem  most 
probable  that  the  pseud-ambulacra  of  Pentreinites  represent 
the  arms  of  the  Crinoids,  anchylosed  with  the  calyx,  and  that 
the  longitudinal  furrows  of  the  pseud-ambulacra  represent  the 
"  brachial  grooves  "  of  the  Crinoids. 


QSuniinnof/'nilm-iWiMMuii 

■I.   «,  J,  B>u]>  :</,  A  Radial 

C  Showi  ihc  cenual  pcniaEonil 
ortli  drfloid  pl.i«.    CuSonifc 

pe™re,njrroundtdhythefi. 

At  the  summit  of  the  calyx  of  the  Btastoidea  are  usually  six 
apertures.  One  of  these  is  larger  than  the  others,  and  is 
placed  in  the  centre  of  the  calyx,  at  the  point  towards  which 
the  grooves  of  the  pseud-ambulacra  converge.  This  central 
aperture  has  generally  been  regarded  as  the  mouth,  but  Mr 
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Billings  dissents  from  this  view.  The  remaining  five  apertures 
are  placed  at  the  summit  of  each  deltoid  plate,  between  two 
pseud-ambulacra.  Four  of  the  apertures  are  equal  in  size, 
and  have  generally  been  regarded  as  "  ovarian ; "  but  they  are 
looked  upon  by  the  above-mentioned  eminent  authority  as 
being  connected  with  the  respiratory  system.  The  fifth  is  of 
larger  size  than  the  other  four,  and  is  usually  regarded  as 
partly  ovarian  and  partly  anal ;  but  it  is  looked  upon  by  Mr. 
Billings  as  "  oro-ansil." 

Like  the  Cystideans,  the  Blastoidea  are  not  only  extinct, 
but  are  exclusively  Palaeozoic.  The  C)rstideans,  however, 
attained  their  maximum  at  a  very  early  period  of  Palaeozoic 
time ;  whereas  the  Pentremites  flourished  most  abundantly  in 
the  Carboniferous  seas,  towards  the  close  of  the  Palaeozoic 
period.  The  Cystideans  had  nearly  died  out,  or  had  become 
quite  extinct,  by  the  close  of  the  Upper  Silurian  period ;  and 
it  is  a  noteworthy  fact  that  it  is  just  at  that  point  that  the 
Blastoidea  seem  to  make  their  first  appearance^  Very  spar- 
ingly represented  in  the  Upper  Silurian  Rocks,  the  Blastoidea 
increase Jargely  in  numbers  during  the  Devonian  period;  but 
they  attain  their  maximum  of  development  in  the  seas  of  the 
earlier  portion  of  the  Carboniferous  period.  With  one  ex- 
ceedingly problematical  exception,  no  member  of  the  order 
is  known  to  have  survived  the  close  of  the  Carboniferous 
epoch. 

Order  VII. — Holothuroidea. 

The  last  order  of  the  Echinodermata  is  that  of  the  Holothu- 
rians  or  "  Sea-cucumbers,"  in  which  the  body  is  vermiform  or 
slug-sliaped^  and  the  calcareous  matter  secreted  by  the  integument  is 
reduced  to  scattered  spicules  (S3aiapta),  or  rarely  is  present  in  the 
form  of  imbricated  scales  (Psolus). 

As  might  have  been  expected  from  the  generally  soft  nature 
of  their  integuments,  the  Holothuroids  are  hardly  known  as 
fossils,  and  they  merely  require  to  be  mentioned  here.  The 
only  remains  referred  with  any  probability  to  this  order  are 
certain  calcareous  spicula  which  have  been  found  in  deposits 
of  both  Mesozoic  and  Tertiary  age,  and  which  have  been  re- 
garded as  belonging  to  a  Synapta,  and  the  shield  of  a  species 
of  Psolus  which  has  been  found  in  Post-Tertiary  deposits  in 
Bute. 
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CHAPTER  XIII. 

SUB^KINGDOM  IV.—ANNULOSA. 

Fossil  Annelida. 

Sub-kingdom  Annulosa. — The  Annulose  animals  are  distin- 
guished by  the  possession  oia  body  which  is  composed  of  numgr- 
ous  segments  arranged  longitudinally  one  behind  the  other,  A 
nervous  system  is  always  present,  and  consists  of  a  double  chain 
of  ganglia  running  along  the  ventral  surface  of  the  body  and 
traversed  anteriorly  by  the  gullet.  The  limbs  {when  present)  are 
turned  towards  that  side  of  the  body  upon  which  the  chief  masses 
of  the  nervous  system  are  situated. 

The  sub-kingdom  Annulosa  may  be  divided  into  two  primary 
sections,  according  as  the  body  is  provided  with  articulated 
appendages  or  not ;  these  divisions  being  known  respectively 
as  the  Arthropoda  (or  Articulata)  and  Anarthropoda.  The 
first  of  these  comprises  the  Crabs,  Lobsters,  and  the  like  (Crus- 
tacea)^ the  Spiders  and  Scorpions  {Arachnida\  the  Centipedes 
and  Millipedes  {Myriapoda),  and  the  true  Insects  {Insecta). 
The  latter  comprises  the  Spoon-worms  {Gephyrea),  the  Leeches 
{Hirudinea)y  the  Earth-worms  {Oligochata),  the  Tube-worms 
{T\ibicola\  and  the  Sand-worms  or  Sea-worms  {Errantia) ;  the 
last  four  groups  constituting  the  class  of  the  Ringed  Worms  or 
Annelida, 

Regarded  as  a  whole,  the  great  Annulose  -sub-kingdom 
seems  to  have  commenced  at  least  as  early  as  the  Echinoder- 
mata  and  the  Qzlenterata,  Both  the  Anarthropodous  and 
Arthropodous  divisions  of  the  sub-kingdom  are  represented  in 
the  Upper  Cambrian ;  and  the  former,  at  any  rate,  is  repre- 
sented in  the  Lower  Cambrian  period,  along  with  the  earliest 
traces  of  life  known  to  us,  except  the  Eozobn  of  the  Laurentian . 
Series. 

Annelida. 

In  the  Anarthropodous  division  of  the  Annulosa  the  loco- 
motive appendages  are  never  distinctly  jointed  or  articulated 
to  the  body;  and  the  integument,  though  usually  capable  of 
secreting  chitine  or  homy  matter,  is  almost  always  quite  soft 
and  flexible.  The  Spoon-worms  {Gephyrea),  and  two  orders 
of  the  Annelides  (viz.,  the  Leeches  and  the  Earth-worms),  are 
wholly  unknown  in  the  fossil  condition,  and  need  not  be  con- 
sidered here.     There  remain  only  two  orders  of  the  Annelides 
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(viz.,  the  Tubeworms  or  Tubicola^  and  the  Sand-worms  or 
Errantia)  which  come  under  the  notice  of  the  palaeontologist, 
and  neither  of  these  requires  much  notice.  In  both  orders,  as 
throughout  the  division,  the  integument  is  more  or  less  soft, 
and  3iere  are  no  internal  hard  structures ;  hence  it  is  more 
than  doubtful  if  we  have  any  example  of  the  fossilised  body  of 
these  creatures,  though  such  have  been  alleged  to  occur.  The 
Tubicolous  Annelides,  however,  protect  themselves  by  a  tube 
of  lime,  sand,  or  adventitious  particles,  and  these  investing 
tubes  are  often  preserved  in  the  fossil  condition.  The  Errant 
Annelides,  again,  have  left  traces  of  their  past  existence  in  the 
form  of  filled-up  burrows  or  meandering  trails  upon  the  soft 
sand  and  mud  of  the  sea-bottom ;  and  from  these  we  know 
that  the  Annelides  commenced  their  existence  at  least  as  early 
as  the  Lower  Cambrian  period,  obscure  traces  of  their  presence 
having  been  even  detected  in  the  Laurentian  Series. 

Order  Tubicola. — ^The  Tubicolous  Annelides  are  distin- 
guished by  the  fact  that  tke  body  is  protected  by  a  tube  within 
which  the  animal  can  withdraw  itself  by  means  of  tufts  of  bristles 
carried  on  the  sides  of  the  body.  The  gills  are  placed  on  or  near 
the  heady  generally  in  two  lateral  tufts;  hence  the  name  of 
"  Cephalobranchiate  AnnelideSj'  applied  to  this  order  (fig.  86). 

The  protecting  tube  of  the 
Tubicolous  Annelides  may  be 
composed  of  carbonate  of  lime 
(Serpula),  of  grains  of  sand 
{Scutellaria),  or  of  sand,  pieces 
of  shell,  and  other  adventitious 
particles  cemented  together  by 
a  glutinous  secretion  from  the 
body  {Terebella))  or  it  may  be 
simply  membranaceous  or  lea- 
thery {Sabella).  Sometimes  the 
tube  is  free  and  non-adherent 
{Pectinaria) ;  more  commonly  it 
is  attached  to  some  ^b-marine 
object  by  its  apex  or  by  one 
side  {Serpula  and  Spirorbis), 
Sometimes  the   tube  is  single 

{Spirorbis) ;  sometimes  the  animal  is  social,  and  the  tubes  are 
clustered  together  in  larger  or  smaller  masses  {Sabellaria), 

When  the  tube  is  calcareous,  it  presents  certain  resemblances 
to  the  shells  of  some  of  the  Molluscs,  such  as  Vermetus  and 
Dentalium,  In  the  living  state  it  is  easy  to  make  a  distinction 
between  these,  for  the  Tubicolar  Annelides  are  in  no  way 


Fig.  86.— Tubicola.  a  Serpula  c&H' 
iortuplicata^  showing  the  bnmchise  and 
operculum :  b  Spirorbis  communis. 
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organically  attached  to  their  tubes,  whereas  the  Molluscs  are 
always  attached  to  their  shell  hy  proper  muscles.  In  the  fossil 
condition,  however,  it  may  be  very  difficult  to  refer  a  given 
calcareous  tube  to  its  proper  place.  As  a  general  rule,  how- 
ever, the  calcareous  tubes  of  Annelides,  such  as  Serpu/a,  are 
less  regular  and  symmetrical  than  those  of  Verme/us,  whilst  the 
latter  is  partitioned  by  shelly  septa,  which  do  not  exist  in  the 
former.  Again,  the  tube  of  Dentalium  is  open  at  both  ends, 
whereas  it  is  closed  at  one  extremity  in  the  Serpuke.  In  the 
Annelidous  genus  Ditrupa,  however,  the  tube  is  open  at 
both  ends,  so  that  this  distinction  is  one  not  universally  appli- 
cable. 

Tubicolar  Annelides  are  known  from  the  Silurian  Rocks 
upwards,  almost  every  great  period  having  representatives  of 
the  order,  though  many  of  the  fossils  referred  to  this  group  are 
of  a  more  or  less  problematical  nature.  The  genus  Spirorbis 
has  survived  from  the  Upper  Silurian  period  to  the  present 
day;  and  forms  very  nearly  allied  to,  if  not  actually  identical 
with,  the  recent  Serpula,  are  found  in  almost  all  formations, 
beginning  with  the  Silurian. 

The  diief  Palaeozoic  genera  of  TubUola  are  Cornulita, 
Cenchialites,  Serpuliies,  Trachyderma,  Spirorbis  (MicrocQtt' 
ckus),  and  Serpula.  The 
genus  Comulites  {fig.  87) 
is  Silurian,  and  the  best 
known  species  is  C.  serpu- 
lariiis.  In  this  singular 
form  the  tube  is  of  con- 
siderable length  —  often 
three  or  four  inches — with 
a  wide  aperture  at  one 
end,  and  tapering  gradu- 
ally to  its  opposite  extrem- 
ity, which  is  often  curved, 
and  seems  to  have  been 
attached  to  some  solid 
body.     The  tube  is  cal- 

careous,   with  very  thick 

walls,  the  substance  of 
which  is  composed  of  a  number  of  cellular  cavities.  Exter- 
nally the  tube  is  ringed  with  transverse  annulations,  and  marked 
with  fine  longitudinal  striae.  The  internal  cast  of  the  tube  has 
the  form  of  a  series  of  inverted  conical  rings,  of  small  width, 
arranged  in  an  imbricated  manner.  The  tube  appears  to  have 
been  solitary,  and  is  rarely  found  attached. 


Fig.  8j.- 
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In  the  genus  CmchiailUes  (fig.  88)  we  have  a  much  smaller 

Annelide,  living  socially,  and  foiming  masses  of  clustered  tubes 
growing  attached  to  dead 
shells  in  Lower  Silunan 
strata.  As  in  ComuhUs, 
the  tube  of  Conchicohtes  ap 
pears  to  have  been  calcare 
ous,  but  it  is  comparatively 
thin,  and  has  none  of  the 
vesicular  structure  so  char- 
acteristic of  the  former  The 
tube  of  Conchicohtes  is  made 
up  of  a  series  of  short  coni- 
cal rings,  inserted  into  one 
another  in  an  imbricated 
manner,  with  their  broader 
ends  turned  away  from  the 
mouth  of  tlie  tube.  It  is  worthy  of  notice  that  the  casts  of 
Coruhicolites,  from  their  possession  of  the  above  structure,  ex- 
hibit a  close  resemblance  to  the  shells  of  the  Silurian  genus 
Tentaculita;  whilst  casts  of  the  shells  of  some  species  of  the 
latter  are  absolutely  undistinguishable,  if  fragmentary,  from 
casts  of  the  tubes  of  the  former.  This  is  a  remarkable  fact, 
since  Tentaculita  has  often  been  regarded  as  a  genus  of  Tubi- 
colar  Annelides;  but  there  are  strong  reasons  for  believing 
that  it  is  truly  referable  to  the  MoUusca,  and  belongs  to  the 
order  of  the  Pteropods. 

The  genus  Serptdites  was  instituted  by  Murchison  for  certain 
smooth  semi-calcareous  tubes,  often  of  great  length,  and  ap- 
parently unattached,  which  occur  in  the  Silurian  series.  These 
tubes  in  some  species  reach  a  length  of  over  a  foot,  with  a 
diameter  of  an  inch,  and  their  true  nature  is  very  doubtful. 
The  genus  Trachyderma^  again,  was  proposed  by  Phillips  for  the 
casts  of  membranous  flexible  tubes  which  are  found  in  the 
Silurian  rocks.  These  are  transversely  wrinkled  or  plaited,  and 
though  the  tube  itself  has  disappeared,  there  can  be  little  doubt 
entertained  as  to  their  Annelidous  nature. 

The  genus  Spirorbis  (fig,  89)  is  characterised  by  the  posses- 
sion of  a  shelly  calcareous  tube,  which  is  coiled  into  a  flat 
spiral,  one  side  of  which  is  cemented  to  some  foreign  body. 
The  spiral  may  be  either  right-handed  or  left-handed,  and  the 
shell  generally  occurs  in  numbers  together,  attached  to  dead 
shells  or  to  the  remains  of  plants.  The  genus  commences  to 
be  represented  in  the  Upper  Silurian  Rocks,  in  which  S.  Lewtsii 
is  an  abtmdant  fossil     Other  species  occur  in  the  Devonian, 
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and  the  little  S.  farbonarius  (fig.  89)  is  a  common  species  in 
the  Carboniferous  Rocks,  whilst  more  than  one  fonn  has  been 
described  from  the  Permian  series.     The  genus  continues  to 


be  well  represented  in  both  Mesozoic  and  Tertiary  deposits ; 
and  living  forms,  apparently  little  different  from  the  fossil  ones, 
abound  in  recent  seas. 
The  genus  Setfula  (fig.  90)  possesses  a  long  shelly  tube, 
usually  more  or  less  tor- 
tuous, sometimes  solitary, 
sometimes  aggregated,  and 
fixed  to  some  foreign  body 
by  part  of  its  surface.  Spe- 
cies of  this  genus  have 
been  described  from  the 
Upper  Silurian,  Devonian, 
and  Carboniferous  forma- 
tions. In  the  Trias  some 
species  occur,  and  many 
forms  are  known  from  the 
Oolitic  and  Cretaceous 
formations,  whilst  they  are 
equally  numerous  in  the 
Tertiary  series. 

Of  the  other  fossils  re- 
ferred to  the  Tubicolar 
Ann  elides,  the  only  one 
which  needs  notice  is  the 
genus  Ditrupa.  The  tube 
in  this  genus  is  unattached, 
open  at  both  extremities, 
and  very  closely  resem- 
bling the  shell  of  a  Dmtalium.    This  genus  does  not  seem  to 
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have  come  into  existence  till  the  close  of  the  Cretaceous 
period ;  but  it  is  found  in  great  abundance  in  the  I^ndon  Clay 
(Eocene)  and  the  Crag  (Pliocene). 

Order  Errantia,— The  Errant  Annelidas  are  character- 
ised by  the  fact  that  the  body  is  furnished  with  lateral  tubercles 
carrying  tufts  of  bristles.  77ie  animal  leads  a  free  life,  and  is 
notamfinedto  a  tube.  The  gills  are  placai  along  the  backer  sides 
of  the  body  ;  hence  the  name  of ' '  Dorsiiramhiate  Annelides"  often 
applied  to  this  order  (fig.  91). 


Possessing  no  hard  structures,  the  Errant  Annelides  are 
hardly  capable  of  being  preserved  in  a  fossil  state.  Certain 
fossils,  however,  have  been  supposed  to  be  the  bodies  of  these 
animals  in  a  petrified  state ;  but  it  is  very  difficult  to  believe 
that  such  is  the  true  nature  of  the  remains  in  question,  and 
it  is  almost  certain  that  they  are  really  nothing  more  than 
the  "  tracks  "  of  sea-worms.  On  the  other  hand,  the  Errant 
Annelides  are  abundantly  represented  by  their  trails  upon  old 
sea-bottoms  or  their  burrows  in  sand  or  mud  ;  remains  of  which 
occur  in  all  formations,  almost,  from  the  Lower  Cambrian  up 
to  the  present  day. 

The  burrows  of  Annelides.  as  a  matter  of  course,  run  in  a 
direction  more  or  less  opposed  to  the  surfaces  of  the  laminas 
of  the  rock,  being  often  quite  vertical  Sometimes  such  bur- 
rows are  hollow,  but  they  are  more  commonly  &Ufd  up  by  the 
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matrix  of  the  rock.  The  most  important  genera  which  have 
been  founded  upon  remains  of  this  kind  are  Scolithus,  Histio- 
derma,  and  Armicolites,  all  of  which  occur  in  rocks  of  Cam- 
brian age,  Scolithus  is  founded  upon  long  burrows,  which  are 
nearly  straight,  and  descend  vertically  through  the  rock  (fig. 
92).  Histioderma  is  a  somewhat  curved  burrow,  from  one  to 
nearly  four  inches  in  length,  terminating  by  a  trumpet-shaped 
opening,  which  is  placed  in  the  centre  of  a  smaJl  mound. 
Arenia^iies  includes  very  small  burrows  which  form  loops, 
opening  on  the  surface  by  two  apertures  placed  close  to  one 
another.  The  mouths  of  these  burrows  are  thus  placed  in 
pairs,  one  being  believed  to  be  an  aperture  of  entrance  for  the 
worm,  the  other  of  exit     The  nature  of  none  of  these  fossils 


Fig.  91.— Annelide-buitowj  {St 
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is  wholly  free  from  doubt ;  but  the  other  genera,  which  have 
been  regarded  as  formed  by  burrowing  Annelides,  are  still 
more  obscure  and  uncertain. 

As  regards  the  surface-tracks  and  trails  of  Errant  Annelides, 
much  difference  of  opinion  exists,  and  the  whole  subject  is 
shrouded  in  obscurity.  Many  of  these  tracks  were  regarded 
by  their  describers  as  being  actually  the  body  of  the  worm,  as 
in  Crossopo<iia  (fig.  93).  Others,  as  Gordia  and  Myrtamtes, 
are  undoubtedly  tracks  of  some  animal,  but  there  is  no 
evidence  as  to  their  having  been  produced  by  Annelides. 
Others,  again,  such  as  Palmochorda,  which  are  also  almost  cer- 
tainly the  trail  of  some  marine  animal,  have  been  described  as 
the  remains  of  plants.     A  few  of  these  fossils  may  truly  be  of 
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a  vegetable  nature,  whilst  as  to  others  (such  as  Nerdtes)  no 
certain  conclusion  can  be  arrived  at.  Upon  the  whole,  it 
would  be  safest  to  adopt  Mr.  Salter's  proposal,  and  refer  all 
these  remains  provisionally  to  the  artificial  genus  HdmuithUes, 


Fig.  93.— Cfwiff/DiAa . 


idc  ItacIl    Silurian-    (After  M'Coy.^ 


retaining  Scolitkus  for  the  burrows.  As  regards  the  distribu- 
tion of  these  remains,  it  is  sufficient  to  say  that  they  occur 
more  or  less  abundantly  in  almost  all  strata  of  a  suitable 
mineral  character  from  the  Cambrian  Rocks  upwards. 


CHAPTEE  XIV. 

ARTHROPODA. 

Crustacea. 

Division  Arthropod*,  or  Articulata, — ^The  members  of 
this  division  of  the  sub-kingdom  Annulosa  are  distinguished 
from  the  preceding  division  of  the  Anarthropoda  by  the  pos- 
session of  jointed  appendages,  articulated  lo  the  body.  The  body 
is  composed  of  a  series  of  segments  or  "  spmites,"  arranged  ahng  a 
longitudinal  axis;  eack  segment  occasionally,  and  some  always, 
being  provided,  at  some  period  of  life  or  other,  with  articulate 
appendages.     Both  the  segmented  body  and  the  articulated  limbs 
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are  more  or  less  completely  protected  by  an  external  skeleton 
formed  by  the  deposition  of  homy  (chitinous)  matter  in  the  int^i- 
mmt. 

The  division  Arthropoda  includes  four  great  classes  of 
animals  which  are  very  generally  spoken  of  as  the  "Arti- 
culate Animals."  These  classes  are  the  Crustacea  (Lobsters, 
Crabs,  &c.),  the  Arachnida  (Spiders,  Scorpions,  &c.),  the 
Myriapoda  (Centipedes  and  Millipedes),  and  the  Insecta  (In- 
sects). All  these  classes  came  into  existence  in  the  Palaeo- 
zoic period,  the  division  being  represented  by  Crustaceans  as 
early  as  the  Upper  Cambrian  at  any  rate,  and  doubtfully  in 
the  Lower  Cambrian.  Owing  to  the  fact  that  the  Cnistaceans 
alone  lead  an  habitually  aquatic  life,  the  remains  of  this  class, 
as  might  be  expected,  preponderate  largely  over  those  of  the 
other  three.  The  air-breathing  classes  of  the  Arachnida^ 
Myriapoda^  and  Insecta^  naturally,  have  not  left  abundant 
traces  of  their  existence  in  past  time,  a  state  of  things  which  is 
assisted  by  the  nature  of  their  integuments,  which  are  rarely 
as  hard  and  resisting  as  those  of  the  Crustaceans. 


Class  I. — Crustacea. 

The  Crustaceans  are  Articulate  animals  in  which  the  breath- 
ing organs  {when  distinct)  are  in  the  form  of  gills,  and  the  mode 
of  existence  is  almost  always  more  or  less  aquatic.  The  body  is 
protected  by  a  chitinous  or  sub-calcareous  exoskeleton  or  ^^  crust ^'* 
and  the  number  of  pairs  of  articulated  limbs  is  generally  from  five 
to  seven.  Some  of  the  locomotive  appendages  are  often  carried 
upon  the  segments  of  the  abdomen,  and  there  are  two  pairs  of 
jointed  feelers  or  "  antenna^^ 

The  body  of  a  typical  Crustacean,  such  as  a  Lobster  i^%, 
94),  consists  of  a  definite  number  of  somites  placed  one  be- 
hind the  other,  and  divisible  into  three  regions — a  head,  thorax, 
and  abdomen.  Most  authorities  regard  the  body  as  being 
typically  composed  of  twenty-one  somites,  of  which  seven  go 
to  the  head,  seven  to  the  thorax,  and  seven  to  the  abdomen. 
All  these  somites,  except  the  last,  may  be  provided  with  a  pair 
of  appendages  each.  The  last  segment  of  the  abdomen,  how- 
ever, never  carries  any  appendages.  This  segment  is  known 
as  the  "  telson"  (fig.  94,  i,  /),  and  it  is  variously  regarded  as 
a  somite  without  appendages,  or  as  an  unpaired  appendage 
placed  in  the  middle  line  of  the  body.  If  this  latter  view  be 
adopted,  the  body  of  a  typical  Crustacean  will  consist  of  only 
twenty  segments,  instead  of  twenty-one.     The  telson  is  very 
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greatly  developed  in  some   Cnistaceans,  such  as  the  King- 
cnibs,  and  less  so  in  the  exdnct  Eurypta-ida. 
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Generally  speaking,  a  greater  or  less  number  of  the  somites 
are  amalgamated  together,  rendering  it  difficult  to  recognise 
their  existence  unless  they  bear  appendages  —  each  pair  of 
appendages  indicating  a  separate  somite.  Very  commonly  the 
segments  of  the  head  and  thorax  are  welded  together  into  a 
single  mass,  which  is  termed  the  "  cephalothorax,"  and  which 


146  ANNULOSA. 

really  consists  of  fourteen  coalescent  segments.  The  cephalo- 
thorax  is  generally  covered  by  a  great  shield  or  buckler,  which 
is  termed  the  "  carapace "  (fig.  94,  1,  ca),  which  is  produced 
by  an  enormous  development  of  the  dorssd  walls  of  one  or  two 
of  the  cephalic  somites. 

Each  segment  of  the  body  may  be  regarded  as  essentially 
composed  of  a  convex  upper  plate,  termed  the  "  tergum," 
which  is  closed  below  by  a  flatter  plate,  called  the  "  sternum," 
the  line  where  the  two  unite  being  produced  downwards  and 
outwards  into  a  plate  which  is  called  the  "pleuron,"  or 
"  pleura  '*  (fig.  94,  2). 

Strictly  speaking,  thef  composition  of  the  typical  somite  is  considerably 
more  complex,  each  of  the  primary  arcs  of  the  somite  being  really  com- 
posed of  four  pieces.  The  tergal  arc  is  composed  of  two  central  pieces, 
one  on  each  side  of  the  middle  line  of  the  body,  united  together,  and  con- 
stituting the  "  tergum  "  proper.  The  superior  arc  is  completed  by  two 
lateral  pieces,  one  on  each  side  of  the  tergum,  which  are  termed  the 
"epimera."  In  like  manner  the  ventral  or  sternal  arc  is  composed  of  a 
central  plate,  composed  of  two  pieces  united  together  in  the  middle  line, 
and  constituting  the  "sternum"  proper,  the  arc  being  completed  by  two 
lateral  pieces,  termed  the  "epistema."  These  plates  are  usually  more  or 
less  completely  anchylosed  together,  and  the  true  structure  of  the  somite 
in  these  cases  is  often  shown  by  what  are  called  "apodemata."  These 
at«  septa  which  proceed  inwards  from  the  internal  surface  of  the  somite, 
penetrating  more  or  less  deeply  between  the  various  organs  enclosed  by  the 
ring,  and  always  proceeding  from  the  line  of  junction  of  the  different  pieces 
of  Sie  s^ment  (fig.  95). 

Each  somite  of  the  body  may  bear  a  pair  of  appendages, 
and  these  appendages  are  very  much  modified  in  different 

parts  of  the  body,  in  order  to  fulfil 
different  functions.  Usually,  how- 
ever, a  common  morphological  type 
may  be  recognised  in  the  append- 
ages of  the  Crustacea^  though  certain 
elements  of  this  type  are  often  want- 
ing or  much  modified.  Typically^ 
Fig.  95.-Theoreticai  figure  nius-    the  appendages  of  the    Crustacea 

trating  the  composition  of  the  tegu-  .  *^*     ^    ^         j  •    •  j    j  i_         i 

mentanr  skeleton  of  the  Crustacea      COnSlSt    01    an    UnaiVldea  OaSal  por- 

(after  Milne-Edwards).  D  Dorsal  x'  „  ^  "nrnnnrlite"  oivincy  nricrin 
arc;  //Tergal  pieces  ;**  Epime-      """    ^^       propOQlie,      glVmg   Ongin 

ral  pieces;  V  Ventral  arc ;*  j  Sicr-      tO    tWO    diverging  jointS,    of   whlch 

/>fnMSon'^/thceite^iniues!"**     the  inner  is  called  the  **endopo- 

dite,"  whilst  the  outer  is  known 
as  the  "exopodite."  In  such  an  appendage  as  the  "swim- 
meret  *'  of  a  Lobster  (fig.  94,  2),  these  fundamental  parts  are 
readily  recognisable ;  but  either  the  exopodite  or  endopodite, 
or  both,  may  be  wanting,  or  they  may  be  very  much  modified 
in  shape  and  form. 
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It  is  impossible  to  give  any  general  view  of  the  appendages 
of  a  Crustacean ;  but  it  may  be  as  well  to  name  the  appendages 
which  are  present  in  one  of  the  higher  forms,  such  as  5ie 
Lobster,  in  which  all  the  somites,  except  the  telson,  carry  a 
pair  of  appendages  each.  The  somites  of  the  head  and  thorax 
are  amalgamated  into  a  single  mass,  termed  the  *^  cephalo- 
thorax,"  which  is  protected  above  by  the  "carapace,"  and 
carries  the  appendages  on  its  lower  surface.  The  Jirsf  segment 
of  the  head  carries  a  pair  of  eyes,  which  are  "  compound,"  and 
are  borne  upon  long  stalks,  formed  by  the  propodite  of  the 
appendage.  The  second  segment  of  the  head  carries  a  pair  of 
small  jointed  feelers,  which  are  known  as  the  "  lesser  antennae  " 
or  "  antennules."  Each  consists  of  a  short  propodite,  and  a 
much-segmented  endopodite  and  exopodite,  which  are  nearly 
of  equal  length.  The  fAtrd  segment  of  the  head  carries  a  pair 
of  very  long  feelers,  which  are  known  as  the  "  great  antennae." 
Each  consists  of  a  short  propodite  and  a  long  and  jointed 
endopodite,  with  a  rudimentary  exopodite.  The /ourfA  seg- 
ment of  the  head  carries  a  pair  of  jaws,  which  are  known  as  the 
"  mandibles.'*  Each  mandible  consists  of  a  large  propodite, 
with  no  exopodite,  but  with  a  small  endopodite,  which  is  known 
as  the  "  mandibular  palp."  Between  the  bases  of  the  man- 
dibles also  is  placed  the  aperture  of  the  mouth,  which  is 
bounded  in  front  hy  a  plate,  known  as  the  "labrum"  (upper 
lip)  or  "  hypostoma,"  and  behind  by  a  forked  plate,  known  as 
the  "  labium  "  (lower  lip)  or  "  metastoma."  The  fifth  segment 
carries  another  pair  of  jaws,  which  are  known  as  the  first  pair 
of  "  maxillse ; "  whilst  the  sixth  segment  carries  another  pair  of 
the  same,  known  as  the  second  pair  of  "maxillse."  The 
seventh  and  last  segment  of  the  head  carries  the  first  of  three 
pairs  of  what  are  generally  known  as  "  foot-jaws  "  or  "  maxilli- 
pedes."  Each  foot-jaw  is  merely  an  ordinary  limb,  consisting 
of  propodite,  exopodite,  and  endopodite,  but  modified  to  assist 
in  mastication.  The  eighth  segment  (the  first  of  the  thorax) 
carries  a  second  pair  of  foot-jaws,  and  the  ninth  segment  (the 
second  of  the  thorax)  bears  a  third  pair  of  the  same.  The 
tenth  segment  (the  third  of  the  thorax)  carries  a  pair  of  jointed 
limbs,  consisting  of  propodite  and  endopodite  alone,  without 
any  exopodite.  These  limbs  are  gready  developed,  and  their 
extremities  form  a  pair  of  pincers  or  "  chelae,*'  so  that  they 
constitute  the  "  nipping-claws  '*  of  the  Lobster.  The  eleventh 
segment  (the  fourth  of  the  thorax)  carries  a  second  pair  of 
limbs,  also  "  chelate,"  but  much  smaller  than  the  preceding ; 
and  the  twelfth  segment  (the  fifth  of  the  thorax)  carries  another 
pair  of  the  same.     The  thirteenth  segment  (the  sixth  of  the 
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thorax)  carries  a  pair  of  limbs  like  the  preceding,  but  with 
simply-pointed  extremities ;  and  the  fourteenth  segment  (the 
last  of  the  thorax)  carries  another  pair  of  the  same  ;  so  that 
there  are  altogether  five  pairs  of  ambulatory  limbs,  carried 
respectively  by  the  loth,  nth,  12th,  13th,  and  14th  somites  of 
the  body ;  or,  in  other  words,  by  the  last  five  segments  of  the 
thorax.  Of  the  seven  segments  of  the  abdomen — completing 
the  total  of  twenty-one — the  first  six  carry  each  a  pair  of  ap- 
pendages, which  are  used  as  swimming  organs,  and  which  are 
termed  the  "swimmerets."  Each  swimmeret  (fig.  94,  2)  con- 
sists of  a  propodite  and  a  flattened  exopodite  and  endopodite; 
and  the  last  pair  is  greatly  widened  out  and  expanded,  forming 
with  the  telson  a  powerful  swimming-tail.  The  telson  or  last 
abdominal  segment  carries  no  appendages,  and  is  simply 
placed  between  the  last  pair  of  swimmerets. 

As  regards  the  general  distribution  of  the  Crustacea  in  time, 
remains  of  the  class  are  comparatively  abundant  in  all  forma- 
tions except  the  very  oldest ;  as  might  have  been  expected 
from  the  generally  chitinous  or  sub-calcareous  nature  of  their 
integuments  and  their  aquatic  habits.  Owing  also  to  their 
habit  of  periodically  casting  their  shell,  a  single  individual  may 
leave  repeated  traces  of  himself,  and  the  number  of  fossils  may 
considerably  exceed  that  of  the  individuals  which  actually 
underwent  fossilisation.  The  Crustaceans  appear  to  have  com- 
menced their  existence  in  the  Cambrian  period,  remains  of 
members  of  this  class  being  tolerably  abundant  in  the  higher 
portion  of  this  formation.  The  Palseozoic  formations,  taken 
as  a  whole,  are  characterised  by  the  predominance  of  the 
orders  Trilobita^  Eurypterida^  Ostracoda,  and  Phyllopoday  of 
which  the  two  former  are  exclusively  confined  to  this  period. 
All  the  other  orders  of  Crustacea,  which  have  left  any  traces  of 
their  past  existence  at  all,  appear  to  have  come  into  existence 
before  the  close  of  the  Palaeozoic  period.  Upon  the  whole, 
however,  there  has  been  a  marked  progression  in  proceeding 
from  the  older  formations  to  the  present  day.  The  Trilobites 
and  Eurypterids  of  the  older  Palaeozoic  Rocks,  though  highly 
organised  so  far  as  their  type  is  concerned,  are  in  many  respects 
inferior  to  later  forms,  whilst  they  present  some  striking  points 
of  resemblance  to  the  larval  forms  of  the  higher  groups.  The 
great  group  of  the  Stalk-eyed  Crustaceans — undoubtedly  the 
highest  of  the  entire  class — is  not  represented  at  all  till  we 
reach  the  Carboniferous  Rocks :  and  it  is  not  till  we  come  into 
the  Secondary  period  that  we  find  any  great  development  of 
this  group,  whilst  its  abundance  increases  to  a  marked  extent 
in  the  Tertiary  period,  and  it  attains  its  maximum  at  the 
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present  day.  Similarly,  of  the  two  sub-orders  of  the  Merosto- 
matay  the  Eurypterida  are  confined  to  the  earlier  portion  of  the 
Palaeozoic  period,  whilst  the  more  highly  organised  and  less 
larval  King-crabs  (Xiphosurd)  did  not  maJce  their  appearance 
till  the  Eurypterids  had  disappeared,  at  the  close  of  the  Car- 
boniferous period 

The  following  table  shows  the  orders  of  the  Crustacea^  and 
a  short  account  will  be  given  of  the  distribution  in  time  of 
those  which  are  known  to  occur  as  fossils.  The  structure  also 
of  the  extinct  groups  will  be  shortly  described.  The  orders 
marked  with  an  asterisk  do  not  occur  as  fossils,  or  only  doubt- 
fully so,  and  will  not  be  considered  here. 

Tabular  View  of  the  Divisions  of  the  Crustacea. 

Sub-class  I.  Epizoa  {HausUllata). 
Order  i.  Ichthyophthira* 
f,     2.  RhizocephtUa* 

Sub-class  II.   CiRRIPEDIA. 

iBalanidae. 
Venucidae. 


,,     4.  Abdominalia* 
,,      5.  Apoda* 

Sub-class  III.  Entomostraca. 
Order  6.   Ostracoda, 


(  Lepadidae. 


>> 


{.  Cof,pcda>  \  ■^«^'  Lophyropoda. 

„     8.  Cladocera*  \ 

,,      9.  Phyllopoda,  >  Legion,  Branchiopoda. 

„    10.  Trilobita,  \ 

„    II.  Merostomata, 

Sub-class  IV.  Malacostraca. 

Division  A.  Edriophthalmata. 
Order  12.  Lamodipoda* 
,,      13.  Isopoda. 
,,      14.  Amphipoda, 

Division  B.  Podophthalmata. 
Order  15.  Stomapoda. 
f,      16.  Decapoda, 

Tribe  <u  Macrura. 
,f  b,  Anomura, 
„     c,  Brachyura. 

Sub-class  Cirripedia. 

Animal  free  whefi  youngs  but  permanently  attached  in  the  adult 
condition  to  some  foreign  body  by  the  anterior  extremity  of  the 
metamorphosed  head.  The  visceral  cavity  of  the  adult  protected 
by  a  calcareous  shell  of  several  pieces ^  or  by  a  coriaceous  envelope. 
Abdomen  free,  TTioracic  segments  usually  carrying  six  pairs  of 
forked  ciliated  limbs. 
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The  Cirripedia  include  three  orders,  of  which  only  the  order 
JTwrcunca  has  ever  been  found  in  a  fossil  condition,  or  is  ever 
likely  to  be  so.  In  this  order  are  the  common  Acorn-shells 
(Baianidai)  and  Barnacles  (Lepadidc^,  in  which  the  body  is 
protected  by  a  more  or  less  complete  calcareous  shelL  The 
Acorn-shells  are  generally  known  as  the  "  Sessile  Cirripedes," 
because  the  shell  is  directly  attached  by  its  base  to  some 
foreign  body,  whereas  the  Barnacles  are  commonly  known  as 
the  "  Pedunculated  Cirripedes,"  because  the  shell  is  supported 
upon  a  stalk  or  "  peduncle."  Besides  these,  the  order  Thor- 
CLcica  comprises  a  third  family,  that  of  the  Verruddcty  in  which 
the  shell  resembles  that  of  the  Balanida  in  being  sessile,  but 
differs  in  being  unsymmetrical,  and  in  some  other  particulars. 

It  is  with  the  sheU  of  the  Cirripedes  that  the  palaeontologist 
has  to  deal ;  and  we  may,  therefore,  consider  briefly  the  chief 
parts  of  the  shell  in  the  Sessile  and  Pedunculated  Cirripedes 
respectively.  It  will  not  be  necessary,  however,  to  enter  into 
minute  details  on  this  complicated  subject,  and  it  will  be 
sufficient  to  indicate  the  leading  facts  of  importance. 

In  the  symmetrical  Sessile  Cirripedes  or  j^oilii/uV^,  commonly 
known  as  Acorn-shells,  the  animal  Ls  protected  by  a  calcareous 
shell  formed  by  calcifications  within  the  walls  of  the  first  three 
cephalic  segments.  The  animal  is  placed  within  the  shell, 
head  downwards,  and  is  fixed  to  the  centre  of  a  shelly  or  mem- 
branous plate,  which  closes  the  lower  aperture  of  the  shell,  and 
which  is  termed  the  "basis"  (fig.  96  a,  I),  The  "basis"  is 
fixed  by  its  outer  surface  to  some  foreign  object,  and  is  some- 
times compact,  sometimes  porous.  Above  the  basis  rises  a 
limpet-shaped,  conical,  or  cylindrical  shell,  which  is  open  at 
the  top,  but  is  capable  of  being  completely  closed  by  a  p)rra- 
midal  lid  or  "operculum."  Leaving  the  operculum  out  of 
consideration  at  present,  the  sides  of  the  shell  are  seen  to  be 
composed  of  from  four  to  eight  separate  pieces,  valves,  or,  as 
they  are  technically  called,  compartmetiis.  These  compart- 
ments are  usually  closely  contiguous  by  their  lateral  margins, 
and  are  separated  by  lines  of  division  or  "  sutures ; "  but  they 
are  sometimes  anchylosed  together.  Each  compartment  con- 
sists of  a  central  portion,  which  is  termed  the  "  paries  '*  (fig. 
96,  B/),  which  is  attached  by  its  base  to  the  "basis"  of  the 
shell.  The  "paries"  grows  downwards,  so  that  the  whole 
shell  increases  by  additions  made  round  the  base.  The  paries 
of  each  compartment  is  flanked  by  wing-like  portions,  which 
differ  from  the  paries  in  appearance,  and  are  called  "  radii " 
and  "  alae,"  according  to  their  shape  (fig.  96,  B,  C).  Some- 
times the  paries  has  a  "radius"  on  both  sides,  sometimes 
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n  one  side  and  a 


"  alse  "  on  both  sides,  and  sometdmes  an  ala  1 
radius  on  the  other. 

The  separate  compartments  of  the  shell  receive  special 
names  according  to  their  position.  The  compartment  at  the 
end  of  the  shell  where  the  animal  thrusts  out  its  ciirated  limbs, 
is  called  the  "  carina"  (fig.  96,  A) ;  and  the  compartment  im- 
mediately opposite  to  this  "rostrum."  The  remaining  com- 
partments are  "  lateral,"  the  one  nearest  the  carina  "  carino- 
lateral,"  the  one  nearest  the  rostrum  "  rostro-lateral,"  and  the 
middle  one  simply  "  lateral "  (fig,  96,  A) ;  but  the  three  rarely 
coexist 
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The  "  operculum  "  or  lid  of  the  shell  consists  of  two  pairs  of 
valves,  known  as  the  "scuta"  and  "terga,"  forming  a  httle 
pyramid  or  cone,  attached  within  the  orifice  of  the  shell  by  a 
membrane.  Each  scutum  opens  and  shuts  against  its  fellow 
along  one  margin  (the  "  occludent "  margin),  and  articulates 
with  one  of  the  terga  along  the  opposite  margin.  Similarly, 
each  tergum  opens  and  shuts  against  its  fellow  along  one  mar- 
gin (the  "carinal"  margin),  and  articulates  with  one  of  the 
scuta  along  the  opposite  margin.  The  apex  of  the  terga  (fig. 
96,  E)  often  forms  a  prominent  beak,  and  the  basal  margin  is 
furnished  with  a  process  or  "  spur."  The  scuta  and  terga  are 
not  only  movable,  but  are  fiirnished  with  proper  depressor 
muscles. 
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As  regards  the  distribution  of  the  Baianida  in  time,  the 
oldest  known  representative  of  the  family,  so  far  as  is  certainly 
known,  has  been  indicated  by  Mr  Seeley  as  occurring  in  the 
Lias,  and  has  been  made  the  type  of  a  new  genus  under  the 
name  of  Zoocapsa.  So  far  as  is  known,  no  member  of  the 
group  occurs  in  any  Palaeozoic  deposit ;  and  negative  evidence 
is  in  this  case  of  considerable  vdue,  as  the  Balani  possess  a 
shell  which  is  readily  preser\'ed,  whilst  they  adhere  to  all 
sorts  of  marine  bodies.  With  the  above-mentioned  exception 
(which  may,  perhaps,  be  referred  to  the  Verrucida),  no  fossil 
Balanoid  has  hitherto  been  discovered  in  sediments  older 
than  the  commencement  of  the  Tertiary  period.  The  genus 
Baianus  is  the  earliest  of  the  group,  and  appears  under  several 
specific  forms  in  the  Eocene  Rocks.  In  the  Miocene  and 
Pliocene  deposits,  the  Balanida  are  abundantly  represented 
by  Baianus  itself,  and  in  the  latter  by  the  genera  Acasiay 
Pyrgoma,  and  Coronula: 

The  remaining  family  of  the  Sessile  Cirripedes  is  that  of  the 
Verrudda,  comprising  only  the  single  genus  Verruca.  In  many 
respects  the  Verrucida  approach  the  Balanidis,  but  the  shell  is 
composed  of  six  valves  only,  and  is  unsymmetrical,  whilst  the 
scuta  and  terga  (forming  the  operculum),  though  movable, 
are  not  furnished  with  a  depressor  muscle.  The  Verrucida 
appear,  so  far  as  is  known,  to  have  commenced  tlieir  existence 
towards  the  close  of  the  Secondary  period,  the  Chalk  having 
yielded  one  species.  Verruca  Stromia  is  found  in  the  Coralline 
and  Red  Crags  (Pliocene),  in  Glacial  deposits,  and  in  existing 
seas. 

The  third  family  of  the  Cirripedia  Thoracica  is  that  of  the 
LepadidcB  or  Pedunculated  Cirripedes,  commonly  known  as 
"  Barnacles."  In  these  (fig.  97)  the  animal  differs  from  the 
Sessile  Cirripedes  in  having  its  anterior  extremity  greatly 
elongated,  forming  a  stalk  or  "  peduncle  "  by  which  the  animal 
is  fixed  to  some  foreign  object.  At  its  free  extremity  the 
peduncle  bears  the  "capitulum,"  which  corresponds  to  the 
shell  of  the  Balanoids,  and  is  composed  of  various  calcareous 
pieces,  united  by  a  membrane,  moved  upon  one  another  by 
appropriate  muscles,  and  protecting  in  their  interior  the  body 
of  the  animal  with  its  various  appendages.  The  peduncle  is 
cylindrical,  of  varying  length,  flexible,  and  furnished  with  pro- 
per muscles.  In  some  species  the  peduncle  is  naked,  and  can- 
not be  preserved  in  the  fossil  condition ;  but  in  other  cases 
the  peduncle  is  furnished  with  calcareous  scales  {Loricula  and 
Turrilepasy  fig.  99),  in  which  case  it  is  readily  preserved.  The 
"  capitulum  "  (fig.  98),  as  before  said,  corresponds  with  the 
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shell  of  the  Balani,  and  is  generally  much  flattened.  It  con- 
sists ordinarily  of  five  or  more  valves  united  to  one  another 
by  membrane,  usually  with  marked  interspaces ;  but  the  valves 
may  be  rudimentary  or  wanting,  and 
the  entire  capitulum  may  be  mem- 
branous. The  parts  of  the  capitu- 
lum correspond  ideally  with  the  parts 
of  the  shell  in  the  Balanoids.  In 
the  latter,  however,  the  shell  is  for 
the  most  part  composed  of  the  "  com- 
partments," and  the  "operculum"  is 
comparatively  small  and  insignificant. 
In  the  Lepadoids,  on  the  other  hand, 
the  valves  which  correspond  with  the 
operculum  of  the  Balanoids  are  dis- 
proportionately developed,  and  the 
valves  which  correspond  with  the 
compartments  of  the  Balanoids  are 
much  less  conspicuous,  and  are  often 
partially  absent  The  most  important 
and  persistent  of  the  valves  are  the 
"scuta"  (fig.  98,  J),  which  protect  the 
front  part  of  the  body,  and  correspond 
with  the  valves  bearing  the  same  name 
in  the  operculum  of  the  Balanoids. 
The  next  most  important  are  the 
"  tCTga  "  (fig.  98,  a),  which  protect  the 
dorso-Iateral  surface.  A  pair  of  scuta 
and  a  pair  of  terga  are  pre^nt,  and 
these  are  the  largest  of  all  the  valves. 
The  "  carina  "  and  "  rostrum  "  are 
placed  along  the  edges  of  the  capitu- 
lum, the  former  being  much  the  most 
important,  and  there  may  be  a  "  sub-  pj^  („.—A«aii/a  h^ai.  m 
carina"  and  "sub-rostrum,"  The  re-  "™it PeduncuLiiBi cimpwJt 
maining  valves,  with  the  carina  and  KuiunTdSKh^  """"^  "" 
rostrum,  correspond  with  the  proper 

shell  of  the  Balanoids ;  but  they  are  often  wanting  or  rudi- 
mentary, and  they  require  no  further  consideration  here 

As  regards  the  distribution  of  the  Pedunculated  Cirripedes 
in  time,  until  recently  no  member  of  the  family  was  certainly 
known  to  have  existed  in  the  Palteozoic  period.  Mr  Henry 
Woodward,  however,  has  described  a  very  interesting  form 
from  the  Upper  Silurian  Rocks,  under  the  name  of  Turriiepoj 
(fig.  99,  A).     In  this  singular  fossil  the  peduncle  was  furnished 
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with  intersecting  rows  of  plates,  as  in  Loriada.  These  plates, 
when  detached  and  occurring  in  an  isolated  condition,  might 
very  readily  be  mistaken  for  the  shells  of  Pteropods.  The 
genus  is  known  both  from  the  Wenlock  Limestone  of  Dudley 
and  the  Ludlow  Rocks  of  the  Pentland  Hills  near  Edin- 
burgh. The  Devonian,  Carboniferous,  and  Permian  forma- 
tions have  as  yet  yielded  no  certain  traces  of  Pedunculated 
Cirripedes,  if  we  reject,  as  we  apparendy  must,  the  Aptychus 
o(  the  Carboniferous  rocks,  referred  here  by  M,  D'Orbigny. 


With  the  exception  of  the  very  ancient  Turrilepas,  the  oldest 
pedunctilated  Cirripedes  belong  to  the  genus  Pollictpes,  species 
of  which  have  been  discovered  in  the  Rh^tic  beds  (Upper  Trias), 
and  in  the  Lower  Oolites  {Stonesfield  Slate).  In  the  Cretace- 
ous period,  "the  Lepadidse  arrived  at  their  culminant  point; 
there  were  then  three  genera,  and  at  least  thirty-two  species, 
some  occurring  in  every  stage  of  this  system"  (Darwin).  In 
the  Tertiary  rocks  are  a  few  species  of  Scalpellutn  and  Pollictpes; 
but  no  species  of  the  now  existing  and  widely  distributed 
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goius  L^as  or  Anatifa  has  as  yet  been  cerUunly  detected  in  a 
fossil  condition  (Darwin),  though  D'Orbigny  states  that  he  has 


Fig-  9»— A.  TimiUtat  Wri^ti 


discovered  a  representative  of  this  genus   in  the  Miocene 
Tertiary. 


CHAPTER   XV. 

CR  USTA  CEA  —  Continued. 

Sub-class  Entomostraca. 

The  Entomostracous  Crustaceans  are  defined  by  Professor 
Rupert  Jones  as  follows : — "  Animal  aquatic,  covered  with  a 
shell,  or  carapace,  of  a  homy  consistency,  formed  of  one  or  more 
pieces,  in  some  genera  resembling  a  cuirass  or  buckler,  and  in  others 
a  bivalve  shell,  which  completely  or  in  great  part  envelops  the 
body  and  limbs  of  the  animal;  in  other  genera  the  animal  is  in- 
vested with  a  multevahie  carapace,  like  Jointed  plate-armour ;  the 
branehia  are  attached  either  to  the  feet  or  to  the  organs  of  mastica- 
tion; the  limbs  are  jointed,  and  more  or  less  setiferous.  The 
animals,  for  the  most  part,  undergo  a  regular  moulting  or  change 
of  shell,  as  they  grow ;  in  seme  eases  this  amounts  to  a  species  of 
transformation. " 

The  orders  commonly  included  in  t\its\ib-c\ass  Entomostraca 
are  the  Oslracoda,  Copepoda,  Cladocera,  Phyllopoda,  Trilobiia, 
and  Merostomata  (comprising  the  sub-orders  Xiphosura  and 
Eutypterida).    Of  thes^  the   Copepoda   and   Cladoeera  may 
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be  left  out  of  consideration,  as  they  are  not  certainly  known  to 
occur  in  the  fossil  condition.  There  are  also  good  reasons  for 
the  belief  that  the  Trilobites  should  be  placed  amongst  the 
Malacostracous  Crustaceans,  in  or  near  the  order  Isopoda,  In 
the  absence,  however,  of  unassailable  evidence,  the  Trilobites 
may  be  safely  retained  in  the  vicinity  of  the  Phyllopods,  to 
which  they  show  undoubted  affinities. 

Order  Ostracoda. 

Minute  Crustaceans  having  the  entire  body  enclosed  in  a  shell  or 
carapace,  which  is  composed  of  two  valves  united  along  the  back  by 
a  membrane.  The  valves  are  capable  of  being  closed  by  an  adduc- 
tor muscle,  the  insertion  of  which  is  marked  in  tlie  interior  of  each 
valve  by  a  tubercle,  pit,  or  group  of  spots,  or  by  both  spots  and  a 
pit.  The  branchice  are  attached  to  tlie  posterior  jaws,  and  there 
are  only  two  or  three  pairs  of  feet,  which  subserve  locomotion,  but 
are  not  adapted  for  swimming. 

Of  the  living  Ostracode  Crustaceans,  a  great  many  inhabit 
fresh  waters  (Cypris)]  others  live  in  fresh  or  in  brackish  waters 
(Candona);  lastly,  others  are  exclusively  confined  to  the  sea 
( Cythere  and  Cypridina),  They  generally  swarm  in  the  locali- 
ties in  which  they  occur,  and  from  their  habit  of  periodically 
shedding  their  valves,  considerable  accumulations  of  their  shells 
may  be  formed  under  favouring  circumstances. 

It  is  only  the  carapace-valves  of  the  Ostracode  Crustaceans 
that  are  preserved  in  the  fossil  condition;  and  the  general  form 
of  the  carapace  is  often  very  similar  in  different  genera.  Hence, 
the  palaeontologist  has  to  rely,  in  the  discrimination  of  these 
minute  fossils,  upon  small  variations  of  shape,  differences  in 
the  thickness  of  the  valves,  the  characters  of  the  edges  of  the 
valves,  or  the  manner  in  which  they  are  hinged  to  one  an- 
other, or,  lastly,  the  surface-ornamentation.  Partly  for  this 
reason,  and  partly  because  the  number  of  known  fossil  Ostra- 
coda is  very  large,  it  will  not  be  advisable  here  to  do  more  than 
give  an  outline  of  the  general  distribution  of  the  order  in  time. 

The  Ostracode  Crustaceans  appear  to  have  been  amongst 
the  earliest  representatives  of  their  class,  abounding  as  they  do 
in  many  Lower  Silurian  deposits.  Amongst  the  more  import- 
ant genera  which  are  represented  in  the  Silurian  Rocks  may 
be  mentioned  Primitia  (fig.  100,  a),  Leperditia,  Beyrichia,  Ento^ 
mis,  Cypridina,  Cytherella,  Cythere,  and  Bairdia,  Of  these  the 
genus  Primitia  is  exclusively  confined  to  the  Silurian  rocks, 
whilst  the  great  genus  Leperditia  arrived  here  at  its  greatest 
development.     On  the  other  hand,  the  genera  Cytherella, 
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Cythere,  and  Bairdia  are  represented  by  species  now  living. 
Presumably  all  these  genera  were  marine,  and  we  know  that 
this  was  the  case  with  many  of  them.  The  Devonian  rocks 
are  comparatively  poor  in  Ostracoday  all  the  known  forms 
(leaving  Estheria  out  of  consideration)  belonging  to  the  genera 
Mnfomisy  LeperdUia^  and  Beyrichia,     In  the  Carboniferous 


Fig.  xoo.— Fossil  Ostracode  Crustaceans : — a  Primitia  strangulaia^  Lower  Silurian  ; 
h  Primitia  Logani^  Lower  Silurian ;  c  BeyrUhia  Klatdeni^  Upper  Silurian ;  d  <t 
Cyikerella  infiata^  Carboniferous;  e  Leperditia  Annay  Lower  Silurian : y Zr/^n/Z/tVs 
Canadensis,  Lower  Silurian;  /"  Beyrichia  intpendent.  Upper  Silurian  ;  k  Beyrickia 
sttSarvttafOf  Carboniferous ;  i  Candona  Tateana,  Carboniferous.    All  enlarged. 

Rocks  no  less  than  fifteen  genera  have  been  detected.  Of 
these  the  genera  Leperditia,  Bairdia,  Beyrichia,  Cythere,  Cypri- 
dina,  Cypridella,  and  Entomis  are  the  most  important  The 
LeperditicB  were  formerly  referred  to  the  genus  Cypris,  the 
species  of  which  are  exclusively  fresh-water  in  their  habits.  It 
is  noticeable,  however,  that  some  of  the  Carboniferous  species 
have  been  referred,  apparently  on  good  grounds,  to  the  recent 
genus  Candona,  all  the  forms  of  which  inhabit  fresh  water.  It 
is  also  noticeable  that  the  genera  Beyrichia  and  Entomis 
appear  to  die  out  in  the  Carboniferous  Rocks,  and  have  not 
been  detected  in  any  later  formations.  In  the  Permian  Rocks 
we  have  only  the  genera  Bairdia,  Cythere,  and  Cypridina,  of 
which  the  two  former  are  represented  by  living  forms.  In  the 
Secondary  and  Tertiary  deposits,  remains  of  Ostracode  Crust- 
aceans are  abundant,  often  occurring  in  myriads  in  certain 
strata,  to  which  they  sometimes  impart  a  fissile  character.  The 
chief  genera  which  are  represented  in  Mesozoic  and  Kainozoic 
time,  are  Cypris,  Candona,  Bairdia,  Cythere,  Cytherella,  and 
Cypridina,  all  of  which  are  represented  by  living  species  at  the 
present  day.* 

•  The  facts  here  summarised  are  mainly  drawn  from  the  Memoirs  of 
Professor  Rupert  Tones,  and  his  admirable  Monographs  on  the  Ostracoda, 
published  by  the  rakeontographical  Society. 
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EsTHERU. — Before  going  on  to  the  order  Phyllopoda,  we 
may  briefly  notice  here  the  little  fossils  belonging  to  the  genus 
Estheria,  as  these  are  in  some  respects  closely  allied  to  the 
Osfraeoda,  or  are  intermediate  between  these  and  the  true 
Phyllopods.  Upon  the  whole,  however,  Estheria  would  seem 
to  be  most  nearly  allied  to  the  living  Limnadia,  in  which  case 
it  would  be  rightly  referred  to  the  Phyllopoda.  The  body  in 
Esthtria  is  enclosed  in  a  bivalve  carapace  (fig.  lor,  A),  and 
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the  feet  are  foliaceous.  The  valves  of  the  carapace  have  a 
well-marked  bealc  or  "  umbo,"  and  are  hinged  to  one  another 
along  a  dorsal  line.  From  these  circumstances,  and  fi'om  their 
being  marked  with  numerous  concentric  lines  of  growth,  the 
carapace  valves  of  Estheria  very  closely  resemble  the  shells  of 
certain  Bivalve  Molluscs,  for  which  they  have  often  been  mis- 
taken. The  valves  are  usually  sub-triangular,  ovate,  or  sub- 
quadrate  in  form,  and  they  possess  a  homy  texture. 

The  living  Estheria  are,  without  exception,  inhabitants  of 
fi-esh  or,  rarely,  brackish  water ;  and  no  one  of  the  recent 
twenty-four  species  has  been  detected  in  the  sea.  This  would 
afford  a  strong  presumption  that  the  deposits  in  which  fossil 
Estheria  occur  were  deposited  in  fresh  or  brackish  water  ;  but 
they  not  uncommonly  occur  in  conjunction  with  undoubted 
marine  remains.  They  appear,  on  the  whole,  to  occur  most 
frequently  in  those  accumulations  that  "  have  been  decidedly 
the  result  of  brackish-water  inundations,  and  of  more  perman- 
ent lagoons  "  (Jones).  Fossil  Esl/ieria  occur  in  the  Devonian, 
Carboniferous,  Permian,  Triassic,  Jurassic,  Cretaceous,  and 
some  Tertiary  deposits;  but  they  appear  to  have  attained 
their  maximum  development  towanls  the  close  of  the  Triassic 
period. 

The  genus  Leaia  (fig.  101)  is  very  nearly  allied  to  Estheria, 
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and  comprises  small  Bivalved  Crustaceans,  with  "  dark,  homy, 
sub-quadrate  valves,  obliquely  ridged  from  umbo  to  angles, 
and  ornamented  with  distinct  lines  of  growth  parallel  with  the 
border"  (Jones).  Leaia  is  a  very  widely  distributed  genus, 
but  all  the  known  species  belong  to  either  the  Carboniferous 
or  Permian  Rocks. 


Order  Phyllopoda. 

Crustacea^  mostly  of  small  size,  the  carapace  protecting  the  head 
and  thorax,  or  the  body  entirely  naked.  Feet  numerous,  never  less 
than  eight  pairs,  mostly  foliaceous  or  leaflike,  branchial  in  function. 

Most  of  the  living  Phyllopods  are  inhabitants  of  fresh  waters, 
but  some  live  in  the  sea  (Nebalia),  and  others  affect  waters 
which  are  abnormally  salt  {Artemia),  The  two  most  interest- 
ing recent  forms,  as  bearing  on  fossil  examples  of  the  order, 
are  Limnadia  and  Apus,  both  of  which  live  in  fresh  water.  In 
Limnadia  the  body  is  enclosed  in  an  oval  bivalve  carapace, 
and  there  are  from  eighteen  to  thirty  pairs  of  membranous 
leaf-like  feet.  In  Apus  the  carapace  is  clypeiform,  and  protects 
a  considerable  portion  of  the  abdomen ;  and  there  are  sixty 
pairs  of  feet,  of  which  all  but  the  first  pair  are  foliaceous. 

Leaving  out  of  sight  the  genera  Estheria  and  Leaia,  the 
Phyllopods  are  almost  exclusively  palaeozoic  in  their  distribu- 
tion, and  are  chiefly,  though  not  exclusively,  known  by  their 
carapace-valves.  The  best  known  genera  are  the  Hymenocaris 
of  the  Lingula  flags,  the  Caryocaris  of  the  Skiddaw  slates,  the 
Peltocaris  and  Discinocaris  of  the  Lower  Silurian,  the  Ceratio- 
caris  of  the  Upper  Silurian,  and  the  Dithyrocaris  of  the  Car- 
boniferous Limestone.  These  forms  have  a  general  resem- 
blance to  one  another,  and  are  believed  to  be  most  nearly  allied 
to  the  recent  Apus,  whilst  they  are  exclusively  palaeozoic.  The 
genus  Aspidocaris,  however,  is  allied  to  the  preceding,  and  is 
found  in  the  Triassic  period. 

In  Hymenocaris  (fig.  102,  b)  the  carapace  is  comparatively 
large,  sub-triangular,  apparently  not  bivalved ;  there  are  nine 
free  abdominal  segments,  and  the  last  carries  three  pairs  of 
unequal  lanceolate  appendages.  In  Caryocaris  the  carapace  is 
bivalved,  pod-shaped,  and  truncated  behind,  and  the  last  ab- 
dominal segment  carries  three  spines.  In  Peltocaris  and  Dis- 
cinocaris (fig.  102,  c.)  the  carapace  is  rounded,  with  concentric 
lines  of  growth,  a  dorsal  furrow  being  present  in  the  former, 
but  wanting  in  the  latter.  In  both  there  is  commonly  a  wedge- 
shaped  indentation  in  front,  caused  by  the  separation  from  the 
carapace  of  the  anterior  portion  of  the  head.     In  Ceratiocaris, 
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agEun,  the  carapace  appears  to  be  bent,  but  not  divided  oi 
hinged,  along  the  dorsal  line,  and  its  shape  is  pod-like  (fig. 
loz,  a),  with  an  abrupt  posterior  tmncatidn.  The  surface  of 
the  carapace  is  marked  with  "  fine,  obliquely  longitudinal,  im- 
bricated stria;"  (M'Coy). 


tig.  m.— PalzDioic  Phyllopadi:— a  Ciralixarii 
b  Hymenocaris  tvrmUavJa,  Upper  Cimbnan  (Sattn 
Lomr  Silurko  (OrigiiulJ,    d  Feitxarii  aflychmdci,  I 


fapUiD,  Uj^T  Silurian  (Salter), 
ji  (Woodwaid).        ' 


Order  Trilobita. 

Crustaceans  in  which  the  body  is  usually  more  or  less  distinctly 
trilobed;  there  is  a  cephalic  shield,  usually  bearing  a  pair  of  sessile 
compound  eyes  ;  l/it  thoracic  somites  are  movable  upon  one  another, 
and  are  very  variable  in  number ;  the  abdominal  segments  are 
coalescent,  and  form  a  caudal  shield;  there  is  a  ivell-developed 
upper  lip  or  "  hypostome." 

As  regards  the  general  structure  of  the  Trilobites,  the  body 
was  protected  by  a  well -developed  chitinous  shell  or  "  crust," 
whid)  covered  the  whole  dorsal  surface  of  the  body,  and  on 
which  no  appendages  have  ever  been  discovered  except  the 
eyes.    The  under  surface  of  the  body  must,  in  many  genera  at 
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any  rate,  have  been  flexible  and  membranous;  since  many 
species  have  the  power  of  rolling  themselves  up  into  a  ball  like 
the  recent  wood-lice  {Oniscus).  Other  Trilobites,  however, 
never  seem  to  have  possessed  any  power  of  rolling  up.  The 
dorsal  crust  usually  exhibits  more  or  less  markedly  a  division 
into  three  longitudinal  lobes  (fig.  103),  from  which  the  name 


Fig.  X03. — Morphology  of  Trilobites.  z.  Angelina  Sedgwickiif  Upper  Cambrian. 
3.  Diagram  of  a  Tnlobite  (after  Salter):  a  Glabella  with  its  furrows:  oh  Free  cheeks, 
bearing  the  eyes  {00) ;  c  c  Fixed  cheek,  including  the  eyc>lobe  {d)\  ee  Facial  suture. 

of  the  order  is  derived.  In  some  cases,  however,  as  in  the 
genera  Honialonotus  and  Illanus^  this  trilobation  is  only  ob- 
scurely marked.  The  crust  exhibits  a  well-marked  division 
into  three  regions,  which  are  commonly  found  detached  and 
separate  from  one  another.  These  three  regions  are — i,  a 
cephalic  shield;  2,  a  variable  number  of  movable  "body-rings" 
or  thoracic  segments  ;  and  3,  a  caudal  shield  or  "  pygidium." 

The  cephahc  shield  or  buckler  (figs.  103 — 107)  is  generally 
more  or  less  semicircular  in  shape,  and  is  composed  of  a  central 
and  two  lateral  pieces,  of  which  the  two  latter  may  or  may  not 
be  united  in  front  of  the  former.  The  central  portion  of  the 
cephalic  shield  is  usually  elevated  above  the  remainder.  It  is 
termed  the  "glabella,"  and  it  protected  the  region  of  the 
stomach.  The  form  of  the  glabella  varies  a  good  deal. 
Usually  it  is  widest  in  front  (fig.  105),  but  its  width  may  be 
nearly  uniform  (fig.  106),  or  it  may  be  widest  posteriorly,  and 
contracted  in  front,  as  in  Calymme  (fig.  107).  The  glabella 
is  bounded  at  the  sides  by  two  grooves,  which  are  known  as 
the  "  axal  furrows,"  and  is  marked  off  behind  by  a  third 
groove,  which  is  termed  the  "  neck-furrow."  The  surface  of 
the  glabella  may  be  quite  smooth,  but  it  is  ordinarily  divided 
into  lobes  by  grooves,  which  originate  in  the  axal  furrows,  and 
pass  inwards  towards  the  middle  line  (fig.  103,  2).     These 
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furrows  mark  the  position  of  the  segments  which  compose  the 
glabella,  and  they  are  sometimes  continuous  from  side  to  side. 
Usually  there  are  three  pairs  of 
these  furrows,  a  lower  or  basal, 
a  middle  or  ocular,  and  an  upper 
or  frontal  furrow ;  but  there  may 
be  an  additional  pair  of  furrows 
in  front  of  these.  In  some  cases, 
as  in  Illanus  (fig.  rog),  the  gla- 
bella is  very  indistinctly  marked 
off  from  the  rest  of  the  shield. 

At  each  side  of  the  glabella, 
and  continuous  with  it,  is  a  small 
semicircular  area,  which  is 
termed  the  "  fixed  cheek "  (fig. 
103,  2).  The  glabella,  with  the 
"  fixed  cheeks,"  is  separated 
from  the  lateral  portions  of  the 
cephalic  shield,  termed  the 
"  movable "  or  "  free  cheeks," 
by  a  peculiar  suture  or  Hne  of 
division,  which  is  known  as  the 
"facial  suture"  {fig.  103,  2,  e i). 
No  such  peculiar  line  of  division 
is  known  to  exist  in  any  recent 
Crustacean  ;  but  there  is  a  faint 
indication  of  it  in  Limulus,  and 
some  doubtful  traces  of  it  in  certain  other  forms.  The  course 
taken  by  the  facial  sutures  differs  in  diflferent  cases,  and 
causes  an  important  difference  in  the  structure  of  the  cephalic 
shield.  In  some  cases,  the  facial  sutures,  starting  from  the 
posterior  margins  of  the  buckler,  skirt  the  fixed  cheeks,  and 
join  one  another  in  front  of  the  glabella.  In  these  cases 
it  is  obvious  that  the  free  cheeks  form  a  single  piece,  so  that 
the  entire  shield  consists  of  but  two  portions — i,  the  glabella 
and  fixed  cheeks ;  and  2,  the  amalgamated  free  cheeks.  In 
other  cases,  the  fecial  sutures,  instead  of  joining  in  front  of  the 
glabella,  are  continued  forward,  till  they  cut  the  anterior  mar- 
gin of  the  shield  separately.  In  these  cases  the  free  cheeks 
are  discontinuous,  and  the  cephalic  shield  consists  of'three 
portions.  In  a  few  genera  (as  in  Trinucleus,  Microdisats,  and 
Agnosius),  the  facial  suture  is  absent. 

The  posterior  angles  of  the  free  cheeks  are  very  commonly 
prolonged  into  longer  or  shorter  spines,  and  they  bear  the 
eyes.    The  eyes  are  compound,  and  consist  of  an  aggregation 
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of  facets,  covered  by  a  thin  cornea.  They  are  generally  cres- 
centic  or  reniform  in  shape,  and  are  invariably  sessile,  in  the 
sense  that  they  are  never  supported  upon  movable  stalks.  In 
some  cases,  however,  they  are  carried  upon  longer  or  shorter 
prominences.  The  eyes  differ  much  in  size,  and  they  are 
wanting  in  a  few  forms,  such  as  the  little  Agnosti. 


Fig.  ios.—SnmUiu  InmalHi. 
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Behind  the  cephalic  shield  comes  the  thorax,  composed  of 
a  variable  number  of  segments  which  are  not  soldered  to- 
gether, but  are  capable  of  more  or  less  movement  upon  eadi 
other.     The  amount  of  movement  thus  allowed  varies,  but  in 

several  genera  (e.g.,  Caiymene  and  Jlleenus)  it  was  sufficiently 
great  to  allow  of  the  animal  completely  rolling  itself  up  after 
the  manner  of  a  hedgehog.  The  number  of  body-rings  or 
segments  in  the  thorax  varies  from  no  more  than  two  {Agws- 
ttis),  to  as  many  as  twenty-six  {Harpes  unguis).  Ordinarily  the 
thorax  (fig.  108)  is  strongly  trilobed,  and  each  body-ring  ex- 
hibits the  same  trilobation,  being  composed  of  a  central,  more 
or  less  convex  portion,  called  the  "  axis,"  and  of  two  flatter 
:sidc-lobes,  termed  the  "pleune."  The  pleura  are  in  one  piece 
with  the  axis,  but  are  separated  from  it  by  a  more  or  less  pro- 
nounced groove,  the  "axal  furrow."  Each  pleura  is  grooved 
longitudinally  by  a  deep  sulcus,  and  in  many  genera  the  ends 
of  the  pleurje  are  furnished  with  facets,  which  have  smooth 
surfaces,  and  slide  under  the  preceding  pleura,  in  the  act  of 
rolling  up.  In  some  genera,  as  in  Jiianus  (fig.  109),  the  axis 
is  very  broad,  the  axal  furrows  are  not  marked,  and  the  trilo- 
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bation  of  the  thorax  bccoines  very  indistinct    This  is  likewise 
the  case,  but  to  a  less  extent,  in  the  genus  Honialonetus. 


Fig.  loS.— ^idMKi  Oiuudrini  (Oup-  imiT  (AIurchiKm).   Lown 

■niiDl,  Lower  SMurUn.  Silurian. 

The  caudal  shield  or  "pygidiuro" — commonly  called  the 
"tail" — is  composed  of  a  greater  or  less  number  of  segments 
anchylosed  or  amalgamated.     Commonly,  the  pygidium  is  tri- 


(Cpptr  Cambrian;.    After  BilUngj. 

;.   no),  like  the  thorax,  and  consists  of  a  central 
"  axis "  and  of  a  marginal  "  limb."     The  limb  is 
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separated  from  the  axis  by  axal  furrows,  and  usually  exhibits  on 
its  surface  the  lines  which  indicate  the  component  pleune,  as 
well  as  the  longitudinal  fuirows  on  the  faces  of  these.  The  ex- 
tremity of  the  pygidium  is  sometimes  simply  rounded;  but  it 
may  be  prolonged  into  a  shorter  or  longer  spine  or  "mucro," 
and  the  ends  of  the  pleursc  may  also  be  extended  into  spine- 
like projections  (fig.  no). 

Until  recently,  5ie  only  structure  which  had  been  discovered 
on  the  under  surface  of  any  Trilobite  was  a  broad  plate  situated 
in  front  of  the  mouth,  and  doubtless  corresponding  with  the 
upper  lip — "  labnim  "  or  "  hypostome  " — of  living  Crustaceans 
(fig.  in).  The  form  of  this  hyposfome  very  closely  resembles 
that  of  the  lip-plate  of  the  recent 
Apus,  one  of  the  Phyllopods.  Quite 
recently,  Mr  Henry  Woodward  has 
described  a  specimen  of  Asaphus 
platyupkalus,  in  which,  in  addition  to 
the  lip-plate,  there  is  a  jointed  fila- 
ment (fig.  in,/),  apparently  springing 
from  a  maxilla,  and  being  the  re- 
mains of  a  maxillary  "palpus."  Mr 
Woodward,  who  is  one  of  the  highest     -■  •> i  

,.    .  ,  '    .  .  ,        „       "  Fig.   III.  — BbcohI  oijani  of 

Itvmg  authonties  upon  the  Crustacea,  Aiapini  fiatyt^rthaiia.  After 
concludes  that  there  is  no  reason  to  X^r/^MMiita^S""™"'  * 
doubt  that  Trilobites  possessed  an- 
tenna: and  anlennules,  mandibles,  and  maxillas,  and  foot-jaws ; 
though,  with  the  exception  of  the  above,  no  traces  of  these 
organs  have  ever  been  detected. 

Also  recently,  a  specimen  of  the  large  Trilobite,  Asaphus 
pla/ycephaius  (fig.  1 1  z),  has  been  described  by  Mr  Billings  as 
possessing  organs  which  this  distinguished  paleontologist  re- 
gards as  being  the  remains  of  legs.  The  structures  in  question 
are  in  the  form  of  eight  pairs  of  apparently  jointed  appendages, 
which  correspond  with  the  eight  segments  of  the  thorax,  arising 
near  the  middle  line,  and  curving  forwards.  Mr  Henry  Wood- 
'ward  corroborates  the  view  propounded  by  Mr  Billings,  that 
these  structures  are  of  the  nature  of  ambulatory  legs.  Pro- 
fessors Dana  and  Verrill,  on  the  other  hand,  regard  these  re- 
mains as  being  "the  semi- calcified  arches  in  the  membrane 
of  the  ventral  surface,  to  which  the  foliaceous  appendages  or 
legs  were  attached." 

Whichever  view  be  adopted  as  to  the  nature  of  this  specimen, 
it  seems  tolerably  certain  that  most  Trilobites  cannot  have 
possessed  limbs  which  were  furnished  with  a  chitinous  exo- 
skeleton,  and  were  thus  capable  of  being  preserved  in  a  fossil 
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condition     The  great  abundance  of  Trilobites  as  fossils,  and 
their  excellent  preservation,  as  a  general  rule,  render  it  pro- 
bable that  the  limbs  of  most  were  of  a  soft  and  fleshy  nature. 
At  the  same  time  it  is 
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very  possible  that  some 
forms  were  possessed  of 
chitinous  jointed  limbs, 
as  great  variations  exist 
in  the  character  of  the 
appendages  even  within 
the  limits  of  a  single 
order.  The  general  view 
which  has  up  to  the  time 
of  this  discovery  been 
held  is,  that  the  body  of 
the  Trilobite  occupied 
the  median  lobe  of  the 
crust,  commencing  with 
the  glabella  in  front,  and 
terminating  with  the  py- 
gidium behind,  whilst  the 
axial  lobes  protected  a 
series  of  delicate,  mem- 
branous respiratory  feet. 
It  is  supposed,  however, 
by  Mr  Woodward,  that 
thebranchia:  were  borne 
on  the  under  surface  of 
the  caudal  shield. 
As  regards  the  systematic  position  of  the  Trilobites,  they 
have  very  generally  been  placed  in  the  neighbourhood  of  the 
Phyllopoda,  or  of  the  much  higher  order  of  the  Jsopoda.  They 
have  been  placed  near  the  Phyllopods  chiefly  from  the  posses- 
sion of  numerous  (not  definite)  body-rings,  from  the  resem- 
blance of  their  hypostome  to  the  li{>^plate  of  the  Phyilopodous 
genus  Apus,  and  from  their  supposed  possession  of  membran-* 
ous  gill-feeL  The  recent  discoveries,  however,  of  Messrs 
Billings  and  Woodward  would  lead  to  the  belief  that  the  Tri- 
lobites, if  not  actually  belonging  to  the  Isopoda,  have  at  any 
rate  closer  affinities  with  this  order  than  with  any  other.  They 
agree  with  the  Isopods  in  the  possession  of  sessile  compound 
eyes,  in  having  the  abdominal  somites  coalescent,  and  in  some- 
times possessing  the  power  of  rolling  themselves  up  into  a 
ball.  They  differ,  however,  from  the  Isopods  in  the  very  im- 
portant character  that  the  thoracic  segments  of  the  latter  are 
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always  definite  and  are  almost  invariably  seven  in  number.  In 
the  meanwhile,  therefore,  it  is  safest  to  regard  the  Trilobita  as 
a  peculiar  order,  the  exact  position  of  which  in  the  Crustacean 
class  is  still  undetermined. 

The  general  facts  as  to  the  distribution  of  the  Trilobita  in 
past  time  are  soon  told.  The  Trilobites  are  exclusively  Palaeo- 
zoic, their  range  extending  from  the  Upper  Cambrian  to  the 
Lower  Carboniferous.  If  the  Palceopyge  Ramsayi  of  the  Long- 
mynd  beds  be  a  Trilobite,  then  the  order  has  its  commence- 
ment in  the  Lower  Cambrian.  In  the  Upper  Cambrian  Rocks^ 
and  especially  in  the  strata  which  constitute  the  "  Menevian 
Group  "  of  Salter,  and  the  "  Primordial  Zone  "  of  Barrande,  is 
a  peculiar  group  of  forms  commonly  spoken  of  as  the  "  Prim- 
ordial Trilobites."  These  belong  mostly  to  the  two  families 
Agnostida  and  Olenida,  and  to  the  genera  Agnostus,  Para- 
doxideSy  Oimus,  Dikelocephaius,  ConocorypJu^  Angelina^  EUipso- 
cephalusy  &c. 

Many  of  these  forms  are  distinguished  by  degraded  char- 
acters, such  as  the  absence  of  eyes,  the  want  of  the  facial 
suture,  the  segmentation  of  the  glabella,  or  the  multiplication 
or  diminution  of  the  number  of  body-rings.  It  should  not  be 
omitted  to  be  noticed  that  the  singular  tracks  which  have  been 
described  from  the  Potsdam  Sandstone  (Upper  Cambrian)  of 
Canada,  under  the  names  of  Protichnites  and  Climactichnites^ 
are  believed  with  good  reason  to  be  the  tracks  of  Trilobites. 
In  the  Lower  and  Upper  Silurian  Rocks  the  Trilobites  attain 
their  maximum  of  development,  the  leading  families  being  the 
Asaphiday  Phacopidce^  Trinucieuia,  CheiruridcBy^xA  Calymenida^ 
and  the  chief  genera  being  AsaphuSy  Ogygia,  Phacops,  Trinu- 
cUuSy  AmpyXy  CheiruruSy  EncrinuruSy  CalymenCy  and  Homalo- 
nottis.  In  the  Devonian  Rocks,  again,  Trilobites  are  tolerably 
abundant,  though  less  so  than  in  the  preceding  series.  The 
commonest  Devonian  genera  are  PhacopSy  HomalonotuSy  and 
Bronteus,  Lastly,  the  order  seems  to  die  out  before  the  close 
of  the  Carboniferous  period,  being  represented  in  the  Carbon- 
iferous Limestone  solely  by  the  three  genera,  Philiipsiay 
BrachymdopuSy  and  Griffiihides. 

The  following  gives  the  leading  characters  of  the  more  im- 
portant families  of  Trilobites,  widi  a  few  of  the  chief  genera  in 
each  family,  and  the  range  of  the  group  in  time : — 

I.  AoNOSTiDiB. — Characterised  by  their  small  size,  the  heid 
and  tail  being  covered  by  nearly  equal  and  similar  shields,  and 
the  reduction  of  the  body-rings  to  two  in  number  (fig.  113). 
There  are  no  eyes,  and  the  facial  suture  is  wanting.  The 
family  includes  only  one  well-marked  genus,  viz.  AgnostuSj 


i68 


ANNULOSA. 


which  ranges  fix)m  the  Upper  Cambrian  to  near  the  summit 
of  the  Lower  Silurian  Rocks. 

2.  Olenid*;  or  PARADOxiDiE. — Character- 
ised by  having  long  bodies,  with  numerous 
free  thoracic  seements  (from  eight  to  twenty- 
three  in  number).  The  caudal  shield  is  small, 
and  generally  consists  of  very  few  segments. 
The  pleune  are  mostly  prolonged  into  longer 
or  shorter  spines,  which  aie  directed  back- 
wards. The  family  includes  some  of  the 
largest  of  the  Trilobites,  and  is  mainly  char- 
>  acteristic  of  the  "  Primordial  Zone  "  (Upper 
Cambrian).    It  occurs,  however,  in  the  lower 


Fit.  114.— ^sHdb.nUnAfKfiuf  (r„  Upper  Cunbrun.    Alter  Dawnn. 

Silurian,  but  appears  to  die  out  in  the  Caradoc  period.     The 
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chief  genera  are   Olmus,  Paradoxides,  Dikelocephalus,  Cono- 
coryphe,  Sao,  Angeiina,  and  ElUpsocephalus. 

3,  ASAPHiD-B. — Large  Trilobites,  generally  oval,  and  never 
furnished  with  spines  or  tubercles  on  their  surface.  The  eyes 
smooth,  and  the  facial  sutures  terminating  on  the  posterior 
margin.  The  cephalic  and  caudal  shields  generally  of  large 
size,  the  glabella  of  the  former  often  obscure,  and  the  latter 
sometimes  exhibiting  no  indication  of  its  component  segments. 
The  body-rings  usually  eight  in  number,  sometimes  more,  rarely 
fewer  (six  in  /EgUna). 

The  family  Asaphida  is  characteristically  Lower  Silurian 
in  its  distribution,  commencing  by  a  few  forms  in  the  Upper 
Cambrian,  and  being  hardly  at  all  represented  in  Upper  Silu- 
rian strata.  The  most  important  genera  are  Asapkus,  Ogygia, 
lUcenus,  ^giina,  Barrandia,  and  Psilocephalus. 

4.  Trinucleid*:, — Cephalic  shield  large,  the  posterior  angles 
of  the  cheeks  prolonged  into  long  spines.  Body-rings  six 
(sometimes  five  ?)  in  number.     Facial  suture  sometimes  absent 


(TVinudeus);  eyes  sometimes  wanting  {Ampyx^.  The  Trinu- 
cUida  are  exclusively  Lower  Silurian,  though  diere  are  traces 
of  their  existence  in  the  higher  portion  of  the  Upper  Cambrian. 
The  only  genera  referred  to  this  family  are  Trinuckus,  Ampyx, 
and  Dionide. 

5.  Cheirurid^. — Cephalic  shield  with  the  facial  sutures 
tenninating  on  its  exterior  margins.  Body-rings  eleven. 
Pleune  wiUi  free  extremities.  Caudal  shield  of  few  segments, 
the  ends  of  these  being  free.  The  family  extends  from  the 
Upper  Cambrian  to  the  Devonian,  but  it  attains  its  greatest 
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development  in  the  Silurian  period.  The  chief  genera  are 
Chiirurus,  Antphien,  Spharexochus,  Staurocephalus,  Deiphon, 
Ena-inurus,  and  Cybcle. 

6.  CalymeniD£. — Crust  granulated,  oflen  tuberculated. 
Body-rings  thirteen  in  number. 
Facial  sutures  ending  at  the 
posterior  angles  of  the  cephalic 
shield.  Body  sometimes  very 
indistinctly  trilobed  {Homalotuh 
tus).  The  family  appears  to 
commence  at  the  base  of  the 
Lower  Silurian  series  or  at  the 
summit  of  the  Upper  Cam- 
brian, and  ranges  into  the  De- 
vonian. The  only  genera  are 
Caiymene  and  Homalonofus, 
of  which  the  former  is  mark- 
edly trilobed,  but  the  latter 
very  indistinctly  so  (fig.  ii6). 
The  best -known  species  are 
CalymetK  Blumenbachii,  which 
ranges  from  the  Caiadoc  (Lower 
Silurian)  to  the  Ludlow  Rocks 
(Upper  Silurian),  and  Homa- 
lonotus  delphinocephalus,  which 
is  a  well-known  Upper  Silurian 
Trilobite. 

7-  Phacopid*. —  "Eyes 
largely  feceted,  the  cornea  con- 
vex over  each  facet,  forming  a 
granulated,  not  a  smooth  eye- 
Facial  suture  ending  posteri- 
orly on  the  outer  margin  of 
the  cheek.  Thorax  with  eleven 
rings  "  (Salter),  This  family  includes  the  single  genus,  Pfuuops, 
divided  into  the  subgenera  Trimerocephalus,  Phacops,  Acaste, 
Chasmops,  Dalmania,  and  Cryphaus.  The  family  Pkacopidtg 
ranges  from  the  base  of  the  Lower  Silurian  series  (perhaps  from 
the  Upper  Cambrian)  to  the  summit  of  the  Devonian  series. 
Amongst  the  Upper  Silurian  species  may  be  mentioned 
Phaeops  caudatus  and  P.  Downingue,  as  well-known  fossils ; 
whilst  P.  latifrom  is  a  familiar  and  widely-distributed  Devonian 
species. 

8.  LicHAD*. — Cephalic    shield  small,  the  facial    sutures 
cutting  its  outer  margins.     Glabella  lai^e,  deeply  fiirrowed. 
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Body-rings  eleven  in  number.  Pygidium  with  an  undefined 
axis  and  broad  limb.  The  family  includes  the  single  genus 
Lichasy  and  extends  from  the  Lower  Silurian  into  the  De- 
vonian. 

9.  PROETiDiE. — Cephalic  shield  with  the  facial  sutures  not 
uniting  in  front  of  the  glabella.  Body-rings  nine  or  ten  in 
number.  Axis  elongated.  This  family  ranges  from  the  Lower 
Silurian  to  the  Carboniferous.  Besides  Froetus,  this  family  in- 
cludes Phillipsia  and  Griffithides, 

10.  AciDASPiDiE. — Surface  ornamented.  Body-rings  from 
eight  to  ten  in  number.  The  ends  of  the  pleurae  extended  into 
spines,  and  directed  backwards.  Pygidium  of  from  two  to 
three  segments,  small,  furnished  with  prominent  spines.  The 
genus  Acidaspis  ranges  from  the  Lower  Silurian  into  the  De- 
vonian. 

11.  BRONTEiDiE. — Body-rings  ten  in  number.  Pygidium 
large,  the  axis  extremely  short,  the  margin  entire.  The  family 
includes  only  the  genus  Bronteus  (fig.  105),  and  is  confined  to 
the  Upper  Silurian  and  Devonian  Rocks. 

12.  HARPEDiDiE.  —  Cephalic  shield  horse-shoe-shaped,  its 
lateral  angles  greatly  prolonged.  Facial  suture  cutting  the 
exterior  margin  of  the  buckler.  Body-rings  numerous,  some- 
times no  less  than  twenty-six  in  number.  Pygidium  small. 
This  family  comprises  only  the  genus  Harpes,  all  the  species 
of  which  belong  to  the  Lower  Silurian,  Upper  Silurian,  and 
Devonian. 

13.  CvPHASPiDiE. — Cephalic  shield  with  the  posterior  angles 
usually  prolonged  into  spines,  the  facial  suture  cutting  its  ex- 
terior margins.  Body-rings  from  ten  to  twenty-two.  Crust 
spinulose  or  pitted.  The  chief  genera  of  this  family  are 
Cyphaspis  and  Aulacopleura  {Arethusina)^  the  former  ranging 
from  the  Lower  Silurian  to  the  Devonian,  the  latter  exclusively 
confined  to  the  Silurian  series. 

Order  Merostomata. 

Crustaceans^  often  of  large  size,  in  which  the  mouth  isfiimished 
with  mandibles  and  mcLxUlce,  the  terminations  of  which  become 
walking  or  swimming  feet,  or  organs  of  prehension  (figs.  117, 
118). 

The  order  Merostomata  comprises  the  two  sub-orders  of  the 
Xiphosura  and  Eurypterida.  The  former  appears  to  have 
commenced  its  existence  in  the  Upper  Silurian  period,  and  is 
represented  at  the  present  day  by  the  Limuli  or  King-crabs. 
The  latter  is  wholly  extinct,  and  is  exclusively  Paleozoic,  none 


of  its  members  being  known  out  of  the  Silurian,  Devonian,  and 
Carboniferous  formations. 


Ihoiacic  wmilM.    Bchii 

kbd  Uuly»  Iberc  it  Ihe  telioq  (^ 

Sub-order  I. — Eurypterida. 

"  Crusfacfa  wiih  numerous,  free,  thoraeico-abdominal  segments, 
the  first  and  second  {T)  of  tvhich  bear  one  or  more  broad  lamellar 
appendages  upoii  tlieir  ventral  surface,  the  remaining  segments 
being  devoid  of  appendages ;  anterior  rings  united  into  a  carapace, 
bearing  a  pair  oflamal  eye!  {ocelli)  near  the  centre,  and  a  fair  of 
large,  marginal,  or  sub-central  eyes  ;  the  mouth  furnished  with  a 
broad  post-oral  plate,  or  metastoma,  and  five  fairs  of  movable 
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appendages^  the  posterior  of  which  form  great  swimming  feet.;  the 
telson,  or  terminal  segment,  extremely  variable  inform;  the  in- 
lament  characteristically  sculptured^ — (Henry  Woodward) 

In  the  typical  Eurypterids,  such  as  Pterygotus  (fig.  118)  and 
Eurypterus,  the  anterior  portion  of  the  body  is  covered  by  a 
buckler  or  carapace,  which  bears  a  pair  of  minute  larval  eyes, 
and  a  pair  of  large  compound  eyes  placed  marginally  or  sub- 
centrally.  On  the  under  surface  of  the  carapace  are  five  pairs 
of  appendages.  The  first  pair  of  these  is  usually  regarded  as 
representing  the  antennae.  The  appendages  of  this  pair  are 
mostly  chelate,  or  converted  into  nipping-claws,  but  they  are 
sometimes  simple,  and  they  sometimes  are  spinous  towards 
their  bases,  and  officiate  as  masticatory  organs  (Eurypterus 
and  Slimonia),  The  next  three  pairs  of  appendages  are  simply 
pointed  spinous  organs  ("  pedipalps "),  but  the  last  pair  is 
sometimes  converted  into  rowing-organs  (Styionurus),  The 
last  pair  of  appendages  constitute  two  greatly-developed 
swimming-feet,  the  bases  of  which  are  furnished  with  spines, 
and  form  powerful  jaws.  The  bases  of  these  jaw-feet  are  covered 
by  a  greatly-developed  post-oral  plate  or  "  metastoma."  Be- 
hind the  head  come  thirteen  firee  segments,  counting  the  telson 
as  one.  The  first  two  of  these,  immediately  behind  the  cara- 
pace, are  covered  below  by  a  thoracic  plate  or  "  operculum," 
which  doubtless  protected  the  reproductive  organs.  The 
other  somites  carry  no  appendages,  though  it  is  probable  that 
some  of  them  bore  membranous  branchiae.  The  "  telson  "  or 
terminal  segment  of  the  abdomen  (fig.  118,  /),  is  sometimes 
lanceolate  or  bilobate,  as  in  Pterygotus  and  Slimonia^  or  some- 
times narrow  and  sword-shaped,  as  in  Eurypterus  and  Stylon- 
urus.  The  surface  of  the  crust  is  sculptured  over  the  greater 
part  of  its  extent,  with  characteristic  markings,  which  look 
something  like  the  scales  of  an  ordinary  Bony  fish.  These 
"  scale-marks,"  however,  are  often  wanting  over  parts  of  the 
surface. 

The  Eurypterids  range  from  the  Upper  Silurian,  where  they 
attain  their  maximum,  through  the  Devonian,  into  the  Car- 
boniferous Rocks,  where  they  appear  to  die  out.  Traces,  how- 
ever, of  these  large  Crustaceans  are  by  no  means  wanting  in 
the  Lower  Silurian,  though  as  yet  undescribed.  Of  the  typical 
genera,  Pterygotus  extends  from  the  Upper  Silurian  to  the 
Upper  Devonian,  and  species  of  this  genus  seem  to  have 
attained  a  gigantic  size.  {Pterygotus  Anglicus  is  calculated  to 
have  reached  a  length  of  six  feet.)  Slimonia  is  Upper  Silurian, 
and  Stylonurus  is  both  Upper  Silurian  and  Devonian.  Euryp- 
terus is  not  known  in  the  Silurian,  but  is  represented  by  many 
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species  in  the  Devonian,  and  extends  into  the  Carboniferous 
Rocks.  Hemiaspis,  with  only  nine  segments  and  the  telson 
behind  the  carapace,  is  exclusively  Upper  Silurian.  Lastly, 
FseudoniscuSy  with  the  same  number  of  free  segments,  is  found 
in  the  passage-beds  between  the  Upper  Silurian  and  Devonian. 
In  conclusion,  it  is  interesting  to  note  that  these  ancient 
Crustaceans  present  many  larval  features,  resembling  the  larvae 
of  the  Decaf  oda,  especially  in  the  fact  that  the  hinder  portion 
of  the  body  is  composed  of  free  segments,  which  carry  no 
appendages.* 

Sub-order  II. — Xiphosura  {Padlopoda). 

"  Crustacea  having  the  anterior  segments  welded  together  to 
form  a  broad  convex  buckler^  upon  the  dorsal  surface  of  which  are 
placed  the  compound  eyes  and  ocelli;  the  former  sub-centrally^  the 
latter  in  the  centre  in  front  The  mouth  is  furnished  with  a  smcUl 
labrum,  a  rudimentary  metastoma^  and  six  pairs  of  appendages. 
Posterior  segments  of  the  body  more  or  less  free,  and  bearing  upon 
their  ventral  surfaces  a  series  of  broad  lamellar  appendages;  the 
telson,  or  terminal  segment,  ensiform" — (Henry  Woodward.) 

The  only  living  members  of  the  Xiphosura  are  the  Limuli^ 
commonly  known  as  King-crabs  or  Horse-shoe  Crabs.  The 
anterior  portion  of  the  body  is  covered  by  a  broad  horse-shoe- 
shaped  buckler  (fig.  1 1 7),  the  upper  surface  of  which  bears  a  pair 
of  larval  and  a  pair  of  compound  eyes.  On  the  lower  surface 
of  the  carapace  is  placed  the  aperture  of  the  mouth,  surrounded 
by  six  pairs  of  limbs,  the  bases  of  which  are  spinous,  and 
officiate  as  jaws,  whilst  their  terminations  are. converted  into 
chelae  or  nipping-claws.  The  first  pair  of  appendages  is  placed 
in  front  of  the  mouth,  and  represents  the  antennae,  so  that  the 
antennae  of  the  King-crabs  are  chelate.  Behind  the  cephalic 
buckler  comes  a  second  shield,  composed  of  six  amalgamated 
segments,  below  which  are  carried  the  reproductive  organs  and 
branchiae,  the  former  protected  by  a  thoracic  plate  or  "  oper- 
culum," the  latter  borne  by  five  pairs  of  lamellar  appendages. 
Lastly,  articulated  to  the  posterior  margin  of  the  abdominal 
shield,  is  a  long  sword-like  spine  or  "telson"  (fig.  117,  /). 

The  Xiphosura  seem  to  have  commenced  existence  in  the 
Upper  Silurian  period,  where  they  are  represented  by  the 
Neolimulus  falcaius  of  Mr  Henry  Woodward.     With  this  ex- 

*  The  student  desirous  of  fuller  information  on  this  subject,  as  on  the 
Xiphosura  also,  should  consult  the  excellent  memoirs  by  Mr  Henry 
Woodward,  and  especially  his  monograph  of  the  Merostomata,  published 
by  the  Palseontographical  Society. 
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ception,  however,  no  Limuloid  Crustaceans  are  known  till  the 
Carboniferous  Rocks  are  reached.  Here  we  have  the  two 
genera  Prestwichta  and  Bdinurus,  the  former  represented  by 
two,  the  latter  by  four  species.  In  Prestwkhia  (fig.  1 19),  the 
thoracic  and  abdominal  segments  are  not  separable  from  one 
another,  and  the  former 
are  anchyiosed  or  amal- 
gamated, as  well  as  the 
latter.  In  Be/inurus  there 
are  five  thoracic  and  three 
abdominal  segments  (as 
in  the  preceding),  but  the 
thoracic  somites  are  free 
and  movable,  whilst  the 
abdominal  ones  are  an- 
chyiosed. The  only  other 
genus  of  the  Xtphosura 
is  Limulus  itself.  This 
genus  is  represented  by 
forms  doubtfully  here  re- 
ferable as  early  as  the 
Permian  Rocks.  An- 
other dubious  form  oc- 
curs in  the  Trias.  Seven 
species  have  been  described  from  the  Lithographic  slates  of 
Solenhofen  (Middle  Oolites).  One  doubtful  form  occurs  in 
the  Chalk,  a  single  Tertiary  species  has  been  described,  and 
four  species  are  known  as  existing  at  the  present  day. 


mlwiciia  (Umulm)  nlKMilala, 
Coil-Msuurci. 


CHAPTER  XVI. 

CRUSTA  CEA— Concluded. 

Malacostraca. 

The  Malacostracous  Crustaceans  are  distinguished  by  the 
possession  of  a  definite  number  of  body-segments,  seven 
somites  generally  going  to  make  up  the  thorax,  and  an  equal 
number  entering  into  the  composition  of  the  abdomen  (count- 
ing the  telson  as  a  somite).  The  Malacostraca  are  divided 
into  two  primary  sections,  termed  respectively  Edriophtkal- 
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mata  and  PodophthcUmata^  according  as  the  eyes  are  sessile  or 
are  supported  upon  eyestalks. 

Division  A.  Edriophthalmata. — The  division  of  the 
Sessile-eyed  Crustaceans  comprises  those  Malacostraca  in 
which  the  eyes  are  not  supported  upon  stalks  or  peduncles, 
and  there  is  mostly  no  carapace.  The  eyes  are  sometimes 
compound,  sometimes  simple,  and  are  placed  on  the  sides  of 
the  head.  The  head  is  almost  always  distinct  from  the  body  \ 
and  there  are  typically  seven  pairs  of  feet  in  the  adult 
(Hence  the  name  of  Teiradecapoda  applied  to  this  division  by 
Agassiz»)  The  EdriophtJialmcUa  include  the  orders  Lamodi- 
poda,  Amphipoday  and  Isopoda,  of  which  the  two  latter  are 
alone  known  in  a  fossil  condition,  whilst  the  last  is  the  only 
one  of  any  importance. 

Order  Amphipoda. 

Small  Crustaceans  in  which  the  respiratory  organs  have  the 
form  of  membranous  vesicles  attached  to  the  bases  of  the  thoracic 
limbs.  Abdomen  well  developed,  and  composed  of  sevefi  segments. 
Seven  pairs  of  thoracic  limbs. 

The  most  familiar  recent  forms  of  the  Amphipoda  are  the 
"fresh-water  Shrimps"  {Gammarus\  the  Sand-hoppers  {Tali- 
trus),  and  the  Shore-hoppers  {Orcliestia),  The  oldest  repre- 
sentative of  the  order  is  a  doubtful  form,  which  has  been 
described  by  Mr  Woodward  from  the  Upper  Silurian  Rocks 
under  the  name  of  Necrogammarus,  The  Carboniferous  genus 
Gampsonyx  has  been  referred  here,  but  is  more  properly  placed 
amongst  the  Stomapoda,  There  are  no  other  fossil  Amphipods 
of  any  importance. 

Order  Isopoda. 

Crustaceans  in  which  the  /lead  is  distinct  from  the  segmetit 
bearing  the  first  pair  of  feet.  The  eyes  are  compound  and  sessile. 
There  are  usually  seven  pairs  of  thoracic  appendages,  borne  upon 
seven  movable  segments.  The  animal  sometimes  has  the  power 
of  rolling  into  a  ball.  Tlie  abdominal  segments  are  coalescent, 
and  form  a  broad  caudal  shield,  beneath  which  the  branchice  are 
carried. 

Of  the  living  Isopods,  some  {Bopyridce)  are  parasitic  in 
their  adult  condition  upon  other  Crustaceans.  Others,  such  as 
the  common  Wood-lice  (Oniscus),  live  habitually  upon  the  land. 
Others,  again,  are  littoral  in  their  habits,  or  frequent  the  sea. 

The  oldest  known  Isopod  is  a  large  form  which  has  been 
described  by  Mr  Henry  Woodward  from  the  Devonian  Rocks 
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under  the  name  of  Praardunts.    It  is  believed  to  resemble 

the  living  Arcturus  Baffinsii.     From  the  Carboniferous  Rocks 

an  Isopod  has  been  described  under 

the  name  of  Acanthotdson.    In  the 

Permian  Rocks  we  have  the  genus 

Prosoponiscus,  which,  however.  Has 

been  referred  to  the  Atnphipoda. 

In  the    Upper    Oolites    (Purbeck 

beds)     occurs      the     Archeeoniscus 

Brodiri  (fig,    120),   often   in    large 

numbers.     In  the  Chalk  occurs  the 

genus  Paiaga,  which  ranges  to  the 

Miocene  Tertiary.     Lastly,  several  * 

forms,  some  of  which  are  of  very 

uncertain  affinities,  have  been  described  from  the  Tertiary 

Rocks. 

Division  B.  Podophthalmata.  —  The  members  of  this 
division  are  Malacostracous  Crustaceans,  in  which  the  eyes 
are  compound,  and  are  supported  upon  movable  stalks  or 
peduncles,  and  the  anterior  portion  of  the  body  {cephalo- 
thorax)  is  protected  by  a  carapace.  In  this  division  are  in- 
cluded the  two  orders  of  the  Stomapoda  and  Decapoda. 

Order  Stomapoda. 

Stalk-tyed  Crustaceans  in  whUh  there  are  generally  from  six 
to  eight  pairs  of  legs,  and  the  branckia  are  net  enclosed  in  a  cavity 
beneath  the  thorax,  but  are  either  suspended  beneath  the  abdomen, 
or,  more  rarely,  attached  to  the  thoracic  legs. 

Of  the  living  Stomapods  the  best-known  forms  are  the 
Locust-shrimps  {Squilla),  the  Glass-shrimps  (Erichthys),  and 
the  Opossum-shrimps  (Mysis).  The  eariiest-known  example 
of  the  Stomapoda  is  the  Gampsonyx  fimbriatus  of  the  Carboni- 
ferous Rocks;  and  the  Pygocephalus  Couperi  of  the  same 
formation  is  also  probably  to  be  referred  to  this  order.  The 
genus  Squilla  itself  does  not  appear  to  be  represented  in  rocks 
older  than  the  Eocene  Tertiary. 

Order  Decapoda. 
Crustaceans  with  five  pairs  of  ambulatory  l/gs,  of  which  the 
first  pair  is  modified  to  form  nipping-claws,  some  of  the  other 
.pairs  behind  this  being  often  chelate  as  well.  There  is  a  large 
cephalolhoracic  carapace,  and  the  bronchia  are  contained  in  cavi- 
ties at  the  sides  of  the  thorax. 
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The  order  Decapoda  includes  the  highest  forms  of  the  entire 
class  of  the  Crustaceans,  such  as  the  Lobsters,  Hermit-crabs, 
and  Crabs,  and  it  is  divided  into  the  following  three  tribes : — 

Tribe  I.  Macrura. — ^The  members  of  this  tribe,  such  as 
the  Lobsters,  Shrimps,  Prawns,  and  Cray-fish,  have  a  long  and 
well-developed  abdomen,  the  posterior  extremity  of  which 
forms  a  powerful  natatory  organ  or  caudal  fin.  This  is  con- 
stituted by  a  greatly-expanded  pair  of  natatory  appendages 
("  swimmerets  ")  borne  upon  the  last  segment  but  one  of  the 
abdomen,  between  which  is  placed  the  last  segment  or  "  tel- 
son." 

The  Macrurous  Decapods  are  unquestionably  of  a  lower 
type  than  the  Brachyuraus  Decapods  or  Crabs  \  so  that  it  is 
no  matter  of  surprise  to  find  that  the  former,  so  far  as  is 
knt)wn,  have  enjoyed  a  vastly  higher  antiquity  than  the  latter. 
The  Brachyura  are  not  known  in  deposits  older  than  the 
Oolites.  The  Macrura^  on  the  other  hand,  were  in  existence 
before  the  close  of  the  Palaeozoic  period.  In  the  Carboni- 
ferous formation  we  have  several  forms  of  Prawn-like  Crusta- 
ceans belonging  to  the  genus  Anihrapaiamon  (or  Anthracopa- 
laman),  of  which  a  species  is  figured  below  (fig.  121).     In 


Fig.  121,— A niAra/altemo/t  Salteri,  Carboniferous.     (After  Salter.) 

the  Permian  Rocks  no  Macrurous  Decapods  are  known  to 
occur.  In  the  Trias,  examples  of  the  genera  Galatea  and 
Litogaster  have  been  detected,  and  other  forms  have  been 
alleged  to  occur.  In  the  Jurassic  and  Cretaceous  strata 
"Long-tailed"  Decapods  are  extremely  abundant,  and  are 
often  beautifully  preserved.  Amongst  the  more  remarkable 
of  the  Jurassic  genera  may  be  mentioned  Eryon  (fig.  122), 
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which  commences  in  the  Lias,  but  atuins  its  majtimum  in  the 
Middle  Oolitic  strata,  being  especially  abundant  in  the  fine- 
grained Lithographic  Slates  or  Solenhofen.  In  this  singular 
genus,  the  carapace  is  large  and  broad,  and  nearly  quadrate  in 
figure,  whilst  the  antennse  are  very  small.  Another  singular 
genus  from  the  Solenhofen  Slates  is  Megaefiirus,  in  which  the 
first  pair  of  legs  is  enormously  elongated,  but  not  terminated 
by  chelse.  In  the  Cretaceous  Rocks  are  numerous  Macrourans, 
belonging  to  the  genera  Meyeria,  Enoplcclytia,  ffoploparia,  &c 
In  many  parts  of  the  Tertiary  series,  especially  in  the  Loudon 
Clay  (Eocene),  are  numerous  remains  of  Macrura,  some  of 


rig.  ai.~EryH  anl{farmU,  M^dLe  Uoliie.  (Solenhofeo  SUla). 

which  have  been  referred,  with  more  or  less  doubt,  to  such 
living  genera  as  Astaats  and  Palinurus, 

Tribe  IL  Anomura. — The  Anomurous  Decapods  are  dis- 
tinguished by  the  condition  of  the  abdomen,  which  is  neither 
so  well  developed  as  in  the  Macrura,  nor  so  rudimentary  as  in 
the  Brachyura.  The  abdomen  does  not  take  any  part  in 
locomotion,  and  does  not  terminate  posteriorly  in  a  caudal 
fin.  The  penultimate  segment  of  the  abdomen,  however,  is 
mostly  furnished  with  more  or  less  well-developed  appendages. 
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The  best-kDOWi)  living  Antmiura  are  the  Hermit-crabs  or  Sol- 
dier-crabs {Pagurida),  the  Crab-lobsters  (PorcdiantE),  and  the 
Sponge-crabs  {Dromia). 

The  Aftomura  are  of  small  importance  as  fossils.  They 
commence  in  the  Secondary  period,  a  few  forms  having  been 
described  from  the  Oolites,  and  a  greater  number  from  the 
Cretaceous  Rocks.  In  the  Tertiary  period  Anomurous  Crus- 
taceans are  not  uncommon ;  and  the  genus  Pagurus  itself 
appears  to  be  represented  in  the  Red  Crag  (Pliocene),  The 
Dromilites  of  the  London  Clay  is  supposed  to  be  related  to 
the  living  Dromia. 

Tribe  III.  Brachvura. — The  "Short-tailed"  Decapods 
or  Crabs  are  distinguished  by  having  a  rudimentary  abdomen, 
which  is  tucked  up  beneath  the  cephalothorax.  The  carapace 
is  usually  very  large,  and  the  extremity  of  the  abdomen  is  not 
provided  with  any  appendages.  Most  of  the  Crabs  are  httoral 
in  their  habits,  and  have  legs  formed  for  walking.  Others  are 
adapted  for  swimming,  and  the  Land<rabs  habitually  live 
inland. 

As  before  remarked,  the  Brachyurous  Decapods  are  much 
later  in  their  appearance  than  the  Macrura.  The  dldest 
known  Crab,  at  present,  is 
the  Palainiuhus  longifes,  de- 
scribed by  Mr  Henry  Wood- 
ward from  the  Forest  Marble 
(Lower  Oolites).  In  the 
Cretaceous  series  Crabs  are 
tolerably  abundant,  one  Cre- 
taceous form  belonging  to 
the  recent  genus  Cancer.  In 
the  Tertiary  Rocks,  and  es- 
pecially in  the  London  Clay 
(Eocene),  remains  of  Crabs 
occur  in  profusion.  The 
chief  Tertiary  genera  are 
Xanthopsia,  Xantholites,  Cff«ffr(fig,  123),  Grapsus,  and  Ebalia. 
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CHAPTER  XVII. 

ARACHNIDA,  MYRIAPODA,  AND  INSECTA. 

Class  Abachnida. 

The  Arachnida  are  Articulate  animals,  in  ivhich  the  respiratory 
orpins,  when  present,  are  in  the  form  of  pulmonary  chambers  or 
sacs,  or  of  ramified  lubes  ("  trachea ")  formed  by  an  involution 
of  the  intfgumeftt  and  fitted  for  breathing  air  directly;  or  both 
these  organs  are  combinei.  Jn  no  case  are  the  breathing-organs  in 
the  form  of  gills.  There  are  four  pairs  of  locomotive  limbs,  and 
there  are  no  limbs  attached  to  the  s^ments  of  the  abdomen.  There 
is  only  one  pair  of  antenna,  and  these  are  not  present  as  antenna, 
but  are  converted  into  jaws  or  pincers.  The  head  is  amalgamated 
with  the  thorax  to  form  a  cephalothorax,  the  eyes  are  sessile,  and 
the  integuments  are  more  or  less  chitinous. 

The  Arachnida  are  mainly  distinguished  from  the  Crustacea* 
by  the  absence  of  gills,  and  the  general  presence  of  organs 
adapted  for  breathing  air  directly.  They  are  distinguished 
from  the  Insects  by  the  possession  of  four  pairs  of  legs,  by 
never  possessing  wings,  and  by  having  simple  eyes,  whilst  the 
head  is  amalgamated  with  the  thorax.  From  the  Myiiapods 
they  are  distinguished  by  the  fact  that  the  legs  of  the  latter  are 


never  less  than  nine  pairs  in  number,  whilst  the  segments  of 
the  thorax  are  distinct  from  one  another  and  from  the  head, 

•  Van  Beneden  would  refer  the  Trilobiles,  KinE-crabs,  and  Eurypterids 
to  the  Araehnida,  but  such  a  radical  change  must  be  supported  by  over- 
whelming evidence  before  it  can  be  accepted. 
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and  the  segments  of  the  abdomen  carry  legs.  As  is  the  case 
with  all  the  air-breathing  Articulates,  the  remains  oiArachnida, 
though  of  considerable  theoretical  interest,  are  of  very  rare 
occurrence  as  fossils.  They  will  therefore  be  very  briefly 
noticed  here.  Of  the  groups  of  the  Arachnida,  the  Mites 
iAcarida),  the  Harvest-spiders  {PhaJangida),  the  Book-scorpions 
\Psmdoscorpionuld),  the  Scorpions  {Pedipidpi),  and  the  true 
Spiders  (Araneida),  have  all  been  detected  in  a  fossil  condition. 
The  three  first  groups  require  no  consideration  here,  being 
almost  unknown  except  as  occurring  in  amber,  which  is  a  fossil 
resin  of  late  Tertiary  age.  The  Scorpions  and  Spiders  both 
appear  to  have  come  into  existence  in  the  Carboniferous  period, 
and  the  forms  which  then  existed  do  not  appear  to  have  been 
strikingly  different  from  living  types. 

Order  Pedipalpi. — The  typical  members  of  this  order  are 
the  Scorpions  (Scorpionida),  in  which  /Ar  ahdomm  is  distinctly 


Fig.  .as-— Oir/D>*/*fl/»>M . 


segmeniai,  and  not  separated  from  the  thorax  by  any  marked  am- 
slriction.  The  respiratory  organs  are  in  the  form  of  pulmonary 
sacs  opening  on  the  under  surface  of  the  abdomen  by  distinct 
apertures  or  "stigmata."    The  jaws  (maxilte)  carry  an  eoor- 
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mously-developed  pair  of  nipping-claws  (fig.  124),  and  the 
antennae  are  also  converted  into  chelae.  The  head  carries  six, 
eighty  or  twelve  simple  eyes,  and  the  last  joint  of  the  abdomen 
(telson),  terminates  in  a  hooked  claw,  perforated  for  the  trans- 
mission of  the  duct  of  a  poison-gland 

As  regards  their  distribution  in  time,  the  Scorpions  com- 
mence in  the  Carboniferous  period,  where  they  are  represented 
by  the  genera  Eoscorpius  and  Cyclophihalmus,  The  most 
celebrated  fossil  Scorpion  is  the  Cyclophthalmus  senior  {fig,  125) 
of  the  Bohemian  Coal-measures.  This  remarkable  form  re- 
sembles the  living  Androctonus  in  having  twelve  eyes,  but 
these  are  disposed  in  a  circle,  whereas  in  the  latter  there  are 
six  eyes  on  each  side  of  the  head. 

Order  Araneida. — ^This  order  includes  the  true  Spiders, 
which  are  characterised  by  the  amalgamation  of  the  head  and 
thorax  into  a  single  mass,  to  which  the  generally  soft  and  imseg- 
mented  abdomen  is  attached  by  a  constricted  portion  or  peduncle. 
Respiration  is  eflfected  by  pulmonary  sacs  in  combination  with 
air-tubes  (tracheae).  The  head  bears  from  six  to  eight  simple 
eyes. 

The  oldest-known  Spiders  occur  in  the  Carboniferous  Rocks. 
In  the  Coal-measures  of  Upper  Silesia,  Roroer  has  described  a 
Spider,  which  is  allied  to  the  living  Lycosa,  and  which  he  has 
termed  Protolycosa  anthracophila.  Other  fossil  Spiders  have 
been  described  from  the  Lithographic  Slates  of  Solenhofen 
(Middle  Oolite),  and  from  the  Tertiary  Rocks,  and  a  good 
many  species  occur  preserved  in  amber. 

Class  Mvriapoda. 

The  Myriapods  are  Articulate  animcUs  in  which  the  head  is 
distinct^  and  the  remainder  of  the  body  is  divided  into  nearly 
similar  s^ments.  There  is  no  marked  boundary-line  between  the 
thorax  and  abdomen^  and  the  segments  of  the  latter  carry  locomotive 
limbs.  There  is  one  pair  of  jointed  antennce,  and  the  number  of 
legs  is  always  more  than  eight  pairs.  Respiration  is  effected  by 
air-tubes  {trachece). 

The  living  M)nriapods  are  divided  into  the  three  orders 
Chilopoda,  Chilognatha^  and  Pauropoda,  In  the  Chilopoda  are 
the  Centipedes,  characterised  by  their  masticatory  mouth,  and 
carnivorous  habits,  by  the  possession  of  legs  in  single  pairs 
(usually  from  fifteen  to  forty  pairs),  and  by  having  antennae  of 
from  fourteen  to  forty  or  more  joints.  In  the  ChilogncUha  are 
the  Millipedes  and  Gallyworms,  characterised  by  their  vege- 
tarian habits,  by  having  the  segments  of  the  body  so  amal- 
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gamated  that  the  legs  appear  to  be  arranged  in  double  pairs, 
and  b^  having  antennse  of  six  or  seven  joints.  In  the  Pauro- 
poda  is  the  single  genus  Pauropus^  characterised  by  having 
only  nine  pairs  of  legs,  and  the  antennas  bifid,  with  three 
long  multi-articulate  appendages. 

Fig.  Z26.— MiUipede  {Inlus). 

The  oldest-known  M)n-iapods  occur  in  the  Coal-measures, 
the  two  best-known  genera  being  Xyiobius  and  Archiulus. 
These  genera  belong  to  the  order  Chilognatha,  and  comprise, 
therefore,  vegetable-feeders.     In  Xyiobius  (fig.  127)  the  seg- 


Fig.  T27. — Xyiobius  Sigillarite^  a  Carboniferous  Myriapod.       (After  Dawson-) 
0,  Natural  size ;  b.  Anterior  portion,  enlarged ;  c,  Posterior  portion,  enlarged. 

ments  are  divided  by  cross  sutures  into  numerous  fragments,  in 
a  manner  wholly  unknown  amongst  recent  forms.  Several 
species  of  this  genus  are  known,  of  which  the  one  figured 
above  derives  its  specific  name  from  the  fact  that  it  is  found 
in  the  hollow  trunks  of  Sigillaria.  It  must  have  possessed, 
like  the  living  Gallyworms,  the  power  of  rolling  itself  up  into 
a  ball  (Dawson).  In  the  allied  genus  Archiulus^  the  segments 
are  not  broken  up  into  fragments,  as  they  are  in  Xyiobius. 
The  characters  of  both  these  genera  are  so  peculiar  that  they 
have  been  placed  in  a  separate  family  under  the  name  of 
ArchiulidcR,  Other  Myriapods  have  been  discovered,  in  the 
Carboniferous  Rocks  of  North  America  and  Britain,  and  have 
been  referred  to  the  genus  Euphoberia.     The  true  place  of 
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these  is  uncertain,  and  they  seem  to  have  possessed  the 
anomalous  character  of  a  row  of  dorsal  spines.  In  the  Litho- 
graphic Slates  of  Solenhofen  (Middle  Oolites)  occur  the 
remains  of  an  animal  which  is  referred  to  the  Myriapoda  by 
Count  Miinstcr,  under  the  name  of  Geophiius  proavus.  Other 
Myriapods  have  been  described  from  Tertiary  strata  and  from 
amber. 

Class  Insbcta, 

The  Insects  are  Articuiafe  Animals,  in  which  the  head,  thorax, 
and  abdomen  are  distinct  from  one  another.  The  thorax  consists 
of  three  segments,  each  of  which  carries  a  pair  of  legs.  Mostly 
there  are  two  pairs  of  wings  borne  by  tlie  two  hinder  segments  of 
the  thorax.  Tfie  abdomen  never  carries  locomotive  limbs,  but  the 
last  abdominal  segments  may  carry  reproductive  or  sensory  appen- 
dages, A  sin^e  pair  of  jointed  antennce  is  present,  and  the  eyes  are 
generally  compound.  Respiration  is  effected  by  air-tubes  (trach&E). 

As  regards  the  general  distribution  of  the  Insecta  in  time, 
the  oldest-known  forms  are  from  the  Devonian  Rocks  of  North 
America.  Here  occur  the  remains  of  several  insects  which 
belong  to  the  order  of  the  Neuropterous  Insects  (or  to  the 
Pseudo-neuropterd).  Amongst  the  most  remarkable  of  these  is 
the  Plaiephemera  antiqua  of  Mr  Scudder  (fig.  128).  This 
species  must  have  attained  a 
large  size — five  inches  in  ex- 
panse of  wing — and  it  is  re- 
garded by  Mr  Scudder  as 
being  referable  to  the  Ephe- 
nuridte  (the  May-flies).  This 
eminent  authority,  however, 
regards  it  as  a  "synthetic 
type ; "  that  is  to  say,  as  a 
form  combining  peculiarities 
of  structure  which  are  now 
onlyfoundindiflerentgraups. 

Three  other  genera  belonging  to  the  Neuroptera  have  been 
described  from  the  Devonian  Rocks  of  North  America,  under 
the  names  Homolhdus,  Lithentomum,  and  Xenoneura. 

In  the  Carboniferous  Rocks,  the  remains  of  Insects,  as  might 
have  been  expected,  are  comparatively  more  abundant,  though 
still  &r  from  common.  In  the  rocks  of  this  period  we  have 
representatives  of  the  orders  A6ar^/(!r«,  Orthoptera,  anA  Coleop- 
tera  (Beedes).  The  Neuroptera  are  represented  by  a  remark- 
able form,  which  has  been  referred  to  the  Ephemerida  under 
the  name  of  ffaplophldium  Bamesii  (fig.  129),     This  insect 
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must  have  attained  a  size  much  lai^er  than  that  of  any  recent 
Epbemerids,  measuring  fiilly  seven  inches  in  expanse  of  wing. 


Fig.  13>— //<i/&/Uc«i'i 


Another  remarkable  Carboniferous  insect  is  the  Archimulacru 
AcadUus  of  Mr  Scudder  (fig.  130).  It  belongs  to  a  group  of 
Insects  which  are  tolerably  abundant  in 
Carboniferous  strata — viz.,theCockroachesj 
but  it  does  not  agree  with  any  living  forms. 
In  the  Secondary  period,  remains  of  In- 
sects are  much  more  abundant  than  in  any 
Falfeozoic  deposit  The  Jurassic  Rocks 
have  yielded  the  earliest  examples  of  the 
orders  Hymatoptera  and  Hemiptera,  whilst 
the  orders  Neuroptera,  Orikoptera,  and 
^Kfi^^lS";  CoUopttra  are  well  represented.  In  the 
pawion).     From  Die    Tertiary  Rocks,  again,  the  remains  of  In- 

Carboniferous  Rocks  of  .      ,'  ■„  ■         i  -,    - 

Canada.  sects  become  Still  more  abundant,  and  in 

some  deposits  they  are  found  in  the  greatest 
profusion.  WTiilst  all  the  above-mentioned  orders  are  repre- 
sented, the  Tertiary  Rocks  have  also  yielded  the  first  traces 
(with  doubtful  exceptions)  of  the  orders  Diptera  dJALepideptera. 
Amber,  which  is,  geologically  speaking,  a  very  modem  pro- 
duct, has  yielded  the  remains  of  a  vast  number  of  insects,  all 
of  which  belong  to  extinct  forms. 

The  following  are  the  names  of  the  Orders  of  Insects  which 
are  known  in  a  fossil  condirion,  with  the  date  of  their  first 
appearance : — 
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1.  Neuroptera  (Dragon-flies,  White  Ants,  May-flies,  &c.)    Devonian. 

2.  Orthoptera  (Cockroaches,  Crickets,  Locusts,  &c.)    Carboniferous. 

3.  Coleoptera  (Beetles).     Carboniferous. 

4.  Hymenoptera  (Bees,  Wasps,  Saw-flies,  Ants).    Jurassic. 

5.  Hemiptera  (Aphides,  Field-bugs,  Cicadas,  &c.)    Jurassic. 

6.  Lefnaopiera  (Butterflies  and  Moths).     Tertiary. 

7.  Diptera  (House-flies,  Flesh-flies,  Gnats,  Crane-flies,  &c.)    Tertiary. 

8.  Thysanura  (Spring-tails).     Late  Tertiary  (in  amber). 


CHAPTER  XVIII. 
SUB-KINGDOM  MOLLUSCA. 

POLYZOA. 

Sub-kingdom  Mollusca. — ^The  MoUusca  comprise  the  ani- 
mals ordinarily  known  as  Shell-fish,  from  their  commonly  pos- 
sessing an  exoskeleton  or  shell.  The  Molluscs  are  sqft-bodUd 
and  destitute  of  any  evident  segmentation.  Commonly  the  integu- 
ment secretes  a  hard  calcareous  or  horny  envelope^  but  this  may  be 
absent.  The  alimentary  canal  is  always  present,  and  never  conv- 
municates  with  the  body-cavity.  The  nervous  system  consists 
typically  of  three  pairs  of  ganglia,  disposed  in  a  characteristically 
scattered  manner;  but  in  the  lower  forms  a  single  ganglion  alone 
is  present.  A  heart  may  or  may  not  be  present,  and  there  may  or 
may  not  be  distinct  respiratory  organs. 

As  a  matter  of  course,  it  is  only  with  the  shell  of  the  Mol- 
lusca that  the  palaeontologist  has  to  deal,  and  those  forms 
which  are  destitute  of  this  structure  are  wholly  unknown  in  the 
fossil  condition.  The  special  characters  of  the  shell  will  be 
treated  of  in  speaking  of  the  separate  classes.  In  the  mean- 
while it  is  sufficient  to  draw  attention  to  some  general  consi- 
derations. In  the  Sea-mosses  and  Sea-mats  {Polyzoa),  the 
animal  is  compound,  and  the  hard  structures  secreted  by  the 
colony  would  not  come  under  the  common  designation  of 
"  shell."  In  these  cases  the  investment  of  the  colony  would 
rather  be  termed  a  "  polypidom,"  and  when  of  a  homy  nature, 
it  does  indeed  show  a  very  close  resemblance  to  the  "  polypaiy  " 
of  the  Sertularian  2^oph)rtes.  In  the  Ascidian  Molluscs  or 
Sea-squirts  {Tunicata),  the  animal  is  simply  enclosed  in  a 
leathery  or  cartilaginous  case,  in  which  calcareous  matter  is 
very  rarely  developed  Hence  we  need  feel  no  surprise  that 
the  Tunicaries,  with  one  or  two  very  problematical  exceptions, 
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are  not  known  in  the  fossil  state.  The  Lamp-shells  and  their 
allies  {Brachiapoda)  possess  a  bivalve  shell,  consisting  of  two 
pieces  or  "  valves,"  which  are  more  or  less  highly  calcareous. 
Coming  to  the  higher  MoUusca^  the  true  bivalve  Shell-fish 
(Latnellibranchiata)^  as  their  common  name  implies,  have  also 
a  bivalve  shell ;  but  this  is  distinguished  from  the  shell  of  the 
Brachiopods  by  sufficiently  good  characters.  No  Lamelli- 
branch  is  destitute  of  a  shell,  and  the  remains  of  this  class 
occur  more  or  less  abundantly  in  all  deposits  except  the  most 
ancient  The  ordinary  univalve  Shell-fish  {Gasteropoda)^  as 
indicated  by  their  common  name,  have  usually  a  shell  com- 
posed of  a  single  piece  or  "valve."  In  many  Gasteropods, 
however,  there  is  either  no  shell  at  all,  when  the  animal  is  said 
to  be  "  naked  "  (as  in  the  Sea-slugs),  or  the  shell  is  quite  rudi- 
mentary, and  is  concealed  within  the  mantle  (as  in  the  ordin- 
ary slugs).  In  other  Gasteropods  again  (viz.  in  the  Chitons),  the 
shell  is  "  multivalve,"  consisting  of  eight  pieces  or  valves  placed 
one  behind  the  other.  Most,  however,  of  the  "multivalve" 
shells  of  older  writers  are  really  referable  to  the  Cirripedia, 
In  the  minute  Oceanic  Molluscs  which  form  the  class  Ptero- 
poda,  the  animal  is  sometimes  naked,  but  is  more  usually 
protected  by  a  symmetrical  glassy  shell,  which  is  always  uni- 
valve. In  the  class  of  the  Cephalopoda^  finally,  great  diversity 
exists  in  the  character  of  the  skeleton.  All  the  ordinary  Cut- 
tle-fishes have  an  internal  skeleton,  embedded  in  the  mantle, 
and  not  visible  externally.  This  internal  skeleton  may  be 
calcareous  or  homy,  and  it  may  be  of  a  very  complicated 
nature ;  but  it  merely  serves  to  support  the  soft  parts  of  the 
animal,  and  it  does  not  form  an  external  case  in  which  the 
animal  lives.  In  one  Cuttle-fish  only  (viz.,  the  Argonaut  or 
Paper  Nautilus),  is  there  an  external  shell,  but  the  nature  of 
this  is  quite  peculiar,  and  it  cannot  be  compared  with  the 
shell  pf  any  of  the  ordinary  Molluscs.  In  another  group  of 
the  Cephalopoda^  represented  at  the  present  day  by  the  Pearly 
Nautilus,  there  is  a  well-developed  external  shell,  which  is 
always  composed  of  a  single  piece,  and  is  always  chambered, 
the  animal  living  in  the  last  and  largest  chamber  of  the  shell. 

In  composition  the  shell  of  the  higher  Mollusca  consists  of 
carbonate  of  lime — ^usually  having  the  atomic  arrangement  of 
calcite — ^with  a  small  proportion  of  animal  matter.  In  the 
Fholadidce^  however,  the  calcareous  matter  exists  in  the  allo- 
tropic  condition  of  arragonite,  which  is  very  much  harder  than 
calcite.  As  regards  their  texture,  three  principal  varieties  of 
shells  may  be  distinguished — viz.,  the  "  porcellanous,"  the 
"nacreous,*'  and  the  "fibrous."     In  the  nacreous  or  pearly 
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shells,  as  seen  in  "  mother-of-pearl,"  the  shell  has  a  peculiar 
lustre,  due  to  the  minute  undulations  of  the  edges  of  alternate 
layers  of  carbonate  of  lime  and  membrane.  The  "  fibrous  " 
shells  are  composed  of  successive  layers  of  prismatic  cells. 
The  "  porcellanous  "  shell  has  a  more  complicated  structure, 
and  is  composed  of  three  layers  or  strata,  each  of  which  is 
made  up  of  very  numerous  plates,  "  like  cards  placed  on  edge." 
The  direction  in  which  these  vertical  plates  are  placed,,  is 
sometimes  transverse  in  the  central  layer,  and  lengthwise  in 
the  two  others ;  or  longitudinal  in  the  middle,  and  transverse 
in  the  outer  and  inner  strata. 

From  their  so  commonly  possessing  hard  structures,  whether 
external  or  internal,  no  fossils  are  more  abundant  or  import- 
ant than  Molluscs.  As  regards  the  general  distribution  of  the 
Mollusca  in  time,  the  sub-kingdom  commences  its  existence  in 
the  Cambrian  period,  and  there  is  no  reason  to  suppose  that 
this  is  really  its  first  appearance.  In  the  Cambrian  Rocks, 
the  classes  of  the  Pofyzoa,  Brachiopoda^  Pteropoda^  Gasteropoda^ 
and  Cephalopoda  are  certainly  represented,  and  the  LamellU 
branchiata  existed  in  Lower  Silurian  times,  if  not  earlier. 
Speaking  generally,  the  chief  representatives  of  the  Mollusca 
in  Palaeozoic  time  are  the  chambered  Cephalopods  {Tetra- 
branchiata)  and  the  Brachiopoda;  in  Mesozoic  time,  the  Cuttle- 
fishes (Dibranchiate  Cephalopods),  the  chambered  Cephalo- 
pods, and  the  Polyzqa  ;  in  Kainozoic  time,  the  Lamellibranchs 
and  Gasteropods.  The  Polyzoa  are  comparatively  poorly  re- 
presented in  Palaeozoic  Rocks,  and  attain  their  maximum 
towards  the  close  of  the  Mesozoic  period.  The  Brachiopods 
are  vastly  more  abundant  in  Palaeozoic  deposits  than  in  Meso- 
zoic, and  have  gradually  declined  to  the  present  day.  The 
Latnellibranchiata  seem  to  have  been  gradually  increasing  in 
importance  since  their  first  appearance  in  the  Lower  Silurian 
seas,  and  they  have  attained  their  maximum  at  the  present 
day.  The  Gasteropods^  upon  the  whole,  like  the  Bivalves, 
seem  to  have  reached  their  culminating  point  in  recent  seas  ; 
whilst  the  Pteropods  seem  to  have  been  as  abundant  in  Silurian 
seas  as  they  are  at  present.  The  history  of  the  Cephalopoda  is 
a  remarkable  one.  The  Tetrabranchiate  forms,  with  chambered 
shells,  attained  their  maximum  in  the  earlier  portion  of  the 
Silurian  period,  as  regards  their  simpler  types ;  but  the  more 
complex  types  of  the  group  swarmed  in  the  seas  of  the 
Secondary  period,  and  finally  disappeared  at  the  close  of  this 
epoch.  This  group  at  the  present  day  is  represented  solely 
by  the  Pearly  Nautilus.  The  Dibranchiate  Cephalopoda^  on 
the  other  hand,  represented  at  the  present  day  by  the  Cuttle- 
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fishes,  did  not  make  their  appearance  till  the  commence- 
ment of  the  Secondary  period,  and  seem  to  have  reached 
their  maximum  in  existing  seas. 

The  sub-kingdom  MoUtisca  is  divided  into  two  great  divi- 
ysions,  termed  respectively  the  MoUuscoida  and  the  MoUusca 
]/ Proper.  The  division  MoUuscoida  comprises  the  three  classes 
of  the  Polyzoa^  Tunicata,  and  Brachiopoda^  characterised  by 
haying  a  nervous  system  consisting  of  a  single  ganglion  or  prin- 
cipal pair  of  ganglia^  whilst  there  is  either  no  distinct  organ  of 
the  circulation  or  an  imperfect  heart.  In  the  division  of  the 
MoUusca  Proper  are  comprised  the  classes  of  the  LameUi- 
branchiata  (Bivalves),  Gasteropoda  (Univalves),  Pteropoda^  and 
Cephalopoda.  All  these  classes  are  distinguished  by  having 
a  nervous  system  composed  of  three  principal  pairs  of  ganglia;  ^ 
whilst  there  is  a  well-developed  hearty  consisting  of  at  least  two 
chambers. 

Class  Polyzoa  or  Bryozoa. 

V  Animal  composite,  forming  colonies,  aU  the  members  of  which 
are  produced  by  budding  from  a  primitive  being  {zooid).  Each 
member  of  the  colony  (zooid)  is  enclosed  in  a  double-walled  sac, 
the  outer  coat  of  which  is  mostly  hardened  by  homy  or  calcareous 
matter.  There  is  no  heart,  and  the  mouth  is  surrounded  by  a 
circle  or  crescent  of  hollow  ciliated  tentacles.  The  colonies  are  all 
but  invariably  fixed  to  some  foreign  object,  and  are  in  many  cases 
plant-like  inform. 

All  the  Polyzoa  live  in  an  associated  form  in  colonies  or 
"polyzoaria,"  which  are  sometimes  foliaceous,  sometimes 
branched  and  plant-like,  sometimes  encrusting,  and  very 
rarely  are  free.  Each  "  polyzoarium "  consists  of  an  assem- 
blage of  distinct  but  similiar  zooids  arising  by  continuous 
gemmation  from  a  single  primordial  individual.  The  colonies 
thus  produced  are  in  very  many  respects  closely  similar  to 
those  of  many  of  the  Hydroid  Polypes,  with  which,  indeed, 
the  Polyzoa  were  for  a  long  time  classed.  The  "  polyzoarium,*' 
however,  of  a  Polyzobn  differs  from  the  polypidom  of  a  com- 
posite Hydroid  in  the  general  fact  that  the  separate  cells  of 
the  former  do  not  communicate  with  one  another  otherwise 
than  by  the  continuity  of  the  external  integument;  whereas 
the  zooids  of  the  latter  are  united  by  an  organic  connecting 
medium,  or  "  coenosarc,"  from  which  they  take  their  origin. 
On  this  point  Mr  Busk  observes : — 

"  It  has  been  before  said  that  the  Polyzoa  are  always  asso- 
ciated into  compound  growths,  made  up  of  a  congeries  of 
individuals,  which,  though  distinct,  yet  retain  some  degree  of 
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intercommunication,  comparable  in  kind  perhaps,  though  not 
in  degree,  to  what  obtains  in  many  of  the  compound  Ascidi- 
ans.  That  this  community  exists  is  proved  by  the  otherwise 
inexplicable  circumstance  that  the  polyzoaria  in  many  in- 
stances present  elements  common  to  the  whole  growth,  and 
not  belonging  specially  to  any  individual.  The  chief  bond  of 
connection  would  appear  to  reside  partly  in  the  continuity  of 
the  external  integument,  and  partly  also,  in  all  probability,  in 
a  slow  interchange  of  the  vital  fluid  with  which  the  cavities  of 
the  cells  are  charged." 

In  one  sub-order  of  the  Polyzoa  {Ctenostamatd)^  the  polyzo- 
arium  consists  of  a  series  of  cells  arising  from  a  common  tube, 
but  this  exception  does  not  affect  the  value  of  the  above 
general  distinction  between  the  Polyzoa  and  the  Hydroida, 

A  second  point  of  difference  is  found  in  the  invariably  cor- 
neous (or  chitinous)  texture  of  the  polypidoms  of  the  Hydroida^ 
whereas  those  of  the  Polyzoa  may  be  corneous  or  fleshy,  but 
are  in  the  majority  of  instances  more  or  less  highly  charged 
with  carbonate  of  lime. 

As  before  remarked,  the  colonies  of  the  Polyzoa  are  pro- 
duced by  a  process  of  continuous  budding  from  a  primitive 
being  or  zooid.  The  budding  takes  place  according  to  a 
determinate  law,  differing  in  different  forms,  and  the  resulting 
colony  varies  in  shape  according  to  the  method  of  budding  in 
each  species.  All  the  zooids  of  the  colony  are  termed  "  poly- 
pides,"  and  the  entire  colony  consists  simply  of  an  aggregation 
of  precisely  similar  polypides,  which  may  be  simply  united  by 
their  external  integuments  or,  more  rarely,  spring  from  a  com- 
mon tube.  It  is  only  with  the  outer  investment  of  the  colony 
that  the  palaeontologist  has  to  deal ;  but  it  may  be  well  briefly 
to  describe  the  structure  of  a  typical  polypide. 

The  polypide  of  a  Polyzoon  ^fig.  131,  2)  consists  essentially 
of  a  double-walled  sac,  filled  with  fluid,  and  perforated  by  an 
aperture  where  the  mouth  of  the  polypide  is  situated.  In  the 
majority  of'cases  the  outer  wall  of  the  sac  (termed  the  "  ecto- 
cyst")  is  of  a  homy  consistence,  or  maybe  more  or  less  highly 
calcareous.  It  forms  a  little  chamber,  which  is  technically 
called  the  "  cell."  At  one  point,  varying  in  its  position,  the 
cell  is  furnished  with  an  aperture  or  "mouth"  (fig.  131,  t), . 
whence  the  polypide  can  protrude  its  tentaculate  head.  The 
inner  wall  of  the  sac  (termed  the  "  endocyst ")  is  invariably 
flexible  and  membranous,  and  the  space  included  within  it  is 
fiDed  with  fluid,  in  which  floats  the  alimentary  canal.  The 
commencement  of  the  alimentary  canal  is  surrounded  by  a 
series  of  hollow  ciliated  tentacles,  which  are  mostly  arranged 
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in  a  circle  in  the  marine  Poljizoa,  but  are  disposed  in  the 
shape  of  a  horse-shoe  in  most  of  the  fresh-water  forms.  The 
digestive  canal  passes  through  the  body-cavity,  without  open- 
ing into  it,  and  terminates  in  a  distinct  anus  placed  near  the 
mouth.  The  only  other  organs  possessed  by  the  polypide  are 
a  nervous  ganglion,  and  the  organs  of  reproduction,  each 
zooid  being  hermaphrodite. 


nugnifiied.     a.  Dia^[ramofa  PolyioC' 
bv  t«ntacks ;  i  Alimentary  CHnal ;  c 
q^jj/Tcni,;/-  Ovary;      " 
ruuil,''liraPolyzoltn. 


In  order,  then,  to  arrive  at  a  clear  conception  of  the  struc- 
ture of  a  Polyzoon,  we  have  simply  to  imagine  that  such  a 
polypide  as  above  described  should  have  the  power  of  repeat- 
ing itself  by  gemmation,  "thus  producing  one  or  more  pre- 
cisely similar  systems,  holding  a  definite  position  relatively  to 
one  another,  while  all  continue  organically  united." 

The  only  element  of  the  Polyzoa  with  which  the  palaeonto- 
logist is  concerned  is  the  external  investment  of  the  colony — 
the  "  ctencecium  "  or  "  polyzoarium."  This  is  formed  by  the 
combined  ectocysts  of  the  various  polypides,  and  it  varies 
greatly  both  in  form  and  actual  composition.  In  form,  it  may 
be  plant-like,  rooted  at  one  point,  and  rising  into  foliaceous 
expansions  or  arborescent  growths ;  or  it  may  spread  over 
some  foreign  object  as  a  continuous  crust  In  consistence,  it 
may  be  fleshy,  homy,  sub-calcareous,  or  completely  calcareous  ; 
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the  simply  fleshy  forms,  as  a  matter  of  course,  never  occurring 
in  a  fossil  condition. 

The  form  of  the  "  cell,"  fonncd  by  the  ectocyst  or  outer 
wall  of  each  poljrpide,  varies  considerably,  and  important  dis* 
tinctions  may  be  drawn  from  this  character  alone.  In  one 
large  group  of  the  Polyzoa — the  Chnlostomaia — the  mouth  of 
the  cell  is  never  quite  terminal 
in  position,  but  is  always  placed 
upon  the  front  of  the  cell,  gene-  , 
rally  close  to  one  end  (fig.  132) ; 
whilst  the  diameter  of  the  mouth 
is  less  than  the  diameter  of  the  , 
cell.  In  most  of  these  forms, 
also,  the  mouth  of  the  cell  is 
provided  with  a  movable  lid  or 
shutter,  by  which  it  can  be  dosed 
when  the  animal  is  retracted 
within  it.  In  another  great  group  up^rcUu 
— the  Cytioslomata — the  cells  are 
tubular  in  form,  and  the  mouth  is  terminal  In  position,  whilst 
its  diameter  usually  equals  that  of  the  cell.  In  these  forms, 
also,  there  is  no  special  apparatus  for  the  closure  of  the  mouth 
of  the  cell. 

The  surface  of  the  cell  may  be  "  either  smooth  and  entire, 
spinous  or  granulous ;  perforated  with  minute  pores,  or  cribri- 
form with  larger  openings ;  reticulate  or  ribbed,  &c., — all  of 
which  conditions,  with  certain  precautions,  afford  excellent 
diagnostic  characters  "  (Busk).  The  margins  of  the  mouth  of 
the  cell,  also,  may  be  "  simple  or  thickened,  unarmed  or  beset 
with  erect  '  marginal  spines,'  which  again  may  be  either  rigid 
or  articulated  at  the  base,  simple  or  branched." 

There  still  remain  three  structures  which  are  present  in  many 
forms,  and  especially  in  the  Ckeilostomata,  which  require  some 
notice.  The  structures  in  question  are  known  as  the  "ovicell," 
the  "  avicularia,"  and  the  "  vibracula," 

The  "  ovicell "  is  a  structure  especially  characteristic  of  the 
Cheilostomatous  Polyzoa;  but  its  presence  is  not  universal,  and 
when  present  it  may  be  inconspicuous.  Its  general  form  is  that 
of  "a  more  or  less  rounded  eminence  situated  above  or  behind 
the  cell.  .  .  .  The  cavity  of  the  organ  is  continuous  with 
the  perivisceral  space,  through  a  passage  situated  at  the  upper 
and  back  part  of  the  cell,  and  through  which  it  would  appear 
the  ova  are  conveyed  as  into  a  sort  of  marsupial  pouch.  This 
organ  is  wanting  in  the  Cydotlomaia,  in  which  its  functions  are 
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apparently  supplied  by  a  dilatation  of  the  body  of  the  cell 
itself."    (Busk.) 

The  "  avicularia  "  and  "  vibracula  **  are  peculiar  appendages 
of  the  ectocyst,  supposed  to  be  weapons  of  offence  and  defence, 
or  to  subserve  some  unknown  function  in  the  economy  of  the 
colony,  and  believed  by  Huxley  to  be  peculiarly  modified 
polypides.  The  avicularia,  or  "  bird's-head  processes,"  differ 
a  good  deal  in  shape,  but  consist  essentially  of  a  "  movable 
mandible  and  a  cup  furnished  with  a  homy  beak,  with  which 
the  point  of  the  mandible  is  capable  of  being  brought  into 
apposition "  (Busk). — In  shape  they  are  often  closely  similar 
to  the  head  of  a  bird  (fig.  131,  3),  and  they  perform  a  peculiar 
snapping  movement,  which  is  continued  long  after  the  apparent 
death  of  the  colony.  In  many  respects,  the  avicularia  are 
comparable  with  the  "  pedicellariae "  of  the  Sea-urchins  and 
Star-fishes..  In  the  "  vibracula,"  the  place  of  the  mandible  of 
the  avicularium  is  taken  by  a  bristle  or  seta,  which  is  capable  of 
extensive  movement 

The  following  table  exhibits  the  leading  groups  of  the 
Polyzoa : — 

Table  of  the  Divisions  of  the  Polyzoa. 

Order  I. — PHVLAcroLiEMATA. 

Tentacles  arranged  in  the  shape  of  a  horse-shoe  or  crescent.  Mouth 
furnished  with  a  valve-like  organ  or  "epistome." 

Sub-order  I.  Z<^/4^;fett  (fresh- water). — Arms  of  the  tentacular  disc  ("lopho- 
phore  ")  free  or  obsolete  ;  consistence,  homy  or  sub-calcareous. 

Sub-order  2.  Pedicdlinea  (marine). — Arms  of  the  tentacular  disc  united 
at  their  extremities  ;  consistence,  soft  and  fleshy. 

Sub-order  3.  Rhabdopleurea  (marine). — Coenoecium  branched,  adherent, 
membranous,  with  a  chitinous  rod  on  its  adherent  side.  Tentacular  disc 
horse-shoe-shaped.     No  epistome  (?) 

Order  II. — GvMNOLiEMATA. 

Tentacles  arranged  in  the  form  of  a  more  or  less  complete  circle.  No 
valve-like  organ,  or  "epistome,"  arching  over  the  mouth. 

Sub-order  4.  PaludUellea  (fresh- water).— Polypide  completely  retractile ; 
evagination  of  tentacular  sheath  imperfect ;  consistence,  homy  or  sub- 
calcareous. 

Sub-order  5.  Cheilostomata  (marine). — Polypide  completely  retractile  ; 
evagination  perfect ;  orifice  of  cell  sub-terminal,  of  less  diameter  than  the 
cell,  and  usually  closed  with  a  movable  lip  or  shutter,  sometimes  by  a  con- 
tractile sphincter;  cells  not  tubular ;  consistence,  calcareous,  homy,  or  fleshy. 

Sub-order  6.  Cyclostomata  (marine). — Cell  tubular  ;  orifice  terminal,  of 
the  same  diameter  as  the  cell,  without  any  movable  apparatus  for  its  closure; 
consistence,  calcareous. 

Sub-order  7.  Ctenostomaia  (marine). — Orifice  of  the  cell  terminal,  furnished 
with  a  usually  setose  fringe  for  its  closure ;  cells  distinct,  arising  from  a 
common  tube  ;  consistence,  homy  or  camose. 
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Of  the  above  sub-orders  of  the  PofysoU,  only  the  marine 
groups  of  the  Clteilostomata  and  Cycioiiomata  are  known  to 
occur  in  the  fossil  condition ;  their  preservation  being  due  to 
their  marine  habits  and  their  general  possession  of  a  calcareous 
or  sub-calcareous  ccencecium.  The  general  facts  as  to  the  dis- 
tribution of  the  Polysoa  in  past  time  have  been  already  alluded 
to.  The  Oldhamia  of  the  Cambrian  Rocks  and  the  Graptolites 
have  been  referred  to  the  Polyzoa  ;  but  the  former  is  probably 
a  plant,  and  the  latter  almost  certainly  belong  to  the  Hydrozoa. 
Leaving  these  out  of  account,  the  Polywa  seem  to  commence 
in  the  Upper  Cambrian,  and  are  well  represented  in  the  Silu- 
rian, Devonian,  Carboniferous,  and  Permian  Rocks,  but  espe- 
cially in  the  Carboniferous.  None  of  the  Palaeozoic  genera 
extend  into  the  Secondary  period.  In  the  Secondary  period 
Polyzoa  are  very  abundant,  and  they  attain  their  maximum 
of  development  in  the  Cretaceous  period,  the  Chalk  having 
yielded  over  two  hundred  species  belonging  to  this  class.  In 
the  Tertiary  period,  also,  Polysoa  are  abundant;  the  Coralline 
Crag  (Pliocene)  deriving  its  name  from  the  great  profusion  of 
its  Folyzoan  remains. 

Of  the  Paljeozoic  Polysoa  the  most  important  forms  belong 
to  the  family  of  the  Fmesiellida  or  "  Lace<oraIs."  These 
commence  in  the  Lower  Silurian,  and  extend  to  the  Permian ; 
but  they  are  especially  characteristic  of  the  Carboniferous 
Rocks.     In  FmesteUa  itself  (fig.  133),  the  cosnoecium  forms  a 
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funnel-shaped  or  fan-shaped  expansion,  the  base  of  which  is 
attached  to  some  foreign  object.  The  ccenoecium  is  composed 
of  a  number  of  nearly  parallel  stems,  united  to  one  another  by 
>  cross-bars  or  dissepiments,    enclosing  small  inter- 
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spaces.  The  outer  surface  of  the  branches  is  minutely  porous 
or  longitudinally  striated.  The  inner  surface  of  the  branches 
exhibits  a  central  ridge  or  keel,  separating  the  mouths  of  two 
rows  of  cells.  Sometimes  there  is  an  additional  row  of  cells 
on  the  mesial  keel,  and  the  dissepiments  are  usually  destitute 
of  cells.  The  entire  ccencecium  is  calcareous.  In  the  nearly 
allied  genus  Retepora,  the  ccencecium  is  also  a  fan-shaped  ex- 
pansion, and  is  also  of  a  calcareous  consistence.  In  place, 
however,  of  transverse  dissepiments,  the  branches  of  the  ccence- 
cium unite  with  one  another  in  such  a  manner  as  to  form  ovate 
interspaces  or  "  fenestrules."  The  outer  surface  of  the  coenoe- 
cium  is  non-eel luliferous  and  minutely  striated.  The  inner 
surface  bears  several  rows  of  small  cells. 

In  the  genus  IHilopora  (fig.  134)  are  forms  essentially  similar 
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to  Fenestdla,  but  having  a  feather-like  arrangement,  consisting 
of  a  central  stem  giving  off  lateral  branches,  which  are  con- 
nected by  dissepiments,  leaving  oval  fenestrules.  In  Glauco- 
nome  {Atanthociadia,  King)  are  forms  in  which  the  ccencecium 
consists  of  a  central  axis  giving  off  lateral  branches,  which  bear 
longitudinally-disposed  cellules,  but  which  are  not  united  by 
transverse  dissepiments.  Lastly,  in  Archimedipora,  which  is 
found  abundantly  in  parts  of  the  Carboniferous  series  of  the 
United  States,  the  ccenoecium  is  wound  in  an  obhque  spiral 
round  a  central  axis.  The  only  other  Paleozoic  genus  of  any 
special  importance  is  PtilodUtya,  the  species  of  which  are 
especially  characteristic  of  the  Silurian  Rocks.  In  this  genus, 
the  ccenoecium    is  flattened,  foliaceous,  or   more   commonly 
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dichotomously-  branched.  The  cellules  are  placed  obliquely 
on  both  sides  of  the  coencEcium,  and  have  prominent  oval 
mouths. 

In  the  Secondary  period,  the  remains  of  Polysoa  are  abund- 
ant, and  some  of  the  genera  are  still  represented  in  recent 
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seas.  Nearly  twenty  genera  are  known  from  the  Jurassic 
Rocks,  amongst  which  may  be  mentioned  Idntonea,  Eschara, 
Defrancia,  Diastopora,  Bidiastopora,  (fig.  136),  and  Entaiophora 


Fig.  136.  — aiaK«ft!(timi 


(fig.  135).  All  of  these,  except  Eschara,  belong  to  the  group 
of  the  Cycloslomata,  distinguished  by  their  tubular  cells,  the 
mouth  of  which  equals  in  breadth  the  diameter  of  the  cell. 

It  is  in  the  Cretaceous  period  that  the  Polyzoa  attain  their 
maximum,  nearly  two  hundred  species  being  known  in  the 
Chalk.  Most  of  the  Cretaceous  forms  belong  to  the  Eschar- 
ida,  the  genus  Eschara  being  abundantly  represented.  All 
the  members  of  this  family  belong  to  the  group  of  the  Chdlos- 
tomatous  Polyzoa,  in  which  the  orifice  of  the  cell  is  not  terminal, 
and  is  of  less  diameter  than  the  cell  itself 

In  the  Tertiary  Rocks  Polyzoa  are  likewise  abundant,  and 
many  of  the  genera  arc  represented  at  Che  present  day  by 
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^ng  forms.  One  of  the  greatest  depots  of  fossil  Polysoa  is 
tbe  White  Crag  of  Suffolk,  which  is  for  this  reason  very  inap- 
propriately called  the  "  Coralline  Crag."  Amongst  the  more 
important  Tertiary  genera  may  be  mentioned  Eschara,  Ceile- 
pora,  I^ustra,  Tubulipora,  Idmonea,  and  Fasci(u!aria  (or  Meand- 
ropera).  One  of  the  most  singular  of  these  is  the  genus  Fasci- 
cuiaria  (fig.    137),  in  which  the  ccenoscium  is  more  or  less 


Fig.  lii.—FatcicMlaria  (_Mtamdnftnii  anhriftriKu,  Mioccnt  Terliaty. 

spherical,  composed  of  vertical  laminje  arranged  somewhat 
like  the  convolutions  of  the  brain,  and  carrying  the  cell-mouths 
at  their  extremities. 


CHAPTER   XIX. 

BRACHIOPODA. 

The  Braehiopoda  are  defined  as  Molluscous  animals  in  which 
the  body  is  protected  by  a  bivalve  shell,  which  is  lined  by  expansions 
of  the  integument  or  "  mantle."  The  mouth  is  furnished  with 
long,  spirally-coiled,  cirriferous praasset or " arms."  Theanimal 
is  never  composite.    (Fig.  138). 


The  Braehiopoda  are  essentially  very  similar  in  structure  to 
the  Polyzoa,  from  which  they  are  distinguished  by  the  fact  that 
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they  are  never  composite,  and  by  the  possession  of  a  biyalve, 
calcareous,  or  sub-calcareous  shell.  They  are  commonly  known 
as  "Lamp-shells,"  and  are  all  inhabitants  of  the  sea.  All  the 
living  fonns  are  fixed  to  some  solid  object  in  their  adult  con- 
dition ;  but  there  is  good  reason  to  believe  that  many  of  the 
fossil  fonns  were  imattached  and  free  in  their  fully-grown  con- 
dition. From  the  presence  of  a  bivalve  shell,  the  Brachiopods 
have  often  been  placed  near  the  true  bivalve  Molluscs  (the 
Lamdlibranchiaia);  but  their  organisation  is  very  much  in- 
ferior, and  there  are  also  sufficient  differences  in  the  shell  to 
justify  their  separation. 

The  two  valves  of  the  shell  in  any  Brachiopod  are  articulated 
together  by  an  apparatus  of  teeth  and  sockets,  or  are  kept  in 
apposition  by  muscular  action  alone.  As  regards  the  contained 
animal,  the  position  of  the  valves  is  anterior  and  posterior,  so 
that  they  are  properly  termed  the  "  ventral "  and  "  dorsal " 
valves.  One  of  the  vaJves  is  always  slightly,  sometimes  greatly, 
la^er  than  the  other,  so  that  the  shell  is  said  to  b#  "  inequi- 
valve"  (fig.  139).     On  the  other  hand,  a  line  drawn  vertically 


Fig.  \-ta.—RkyKchMaaa  tulatt. 
C  Vitw  of  lh=  h™. 
Lower  Creuceoid. 

from  the  beak  of  the  shell  to  its  base  (in fig.  i39B,fromf  to/), 
would  divide  it  into  two  equal  halves,  so  that  the  shell  is  said 
to  be  "  equilateral"  In  tiie  true  bivalve  Shell-fish  {Lamelli- 
bra?uhiala),  on  the  contrary,  the  valves  of  the  shell  are  placed 
upon  the  sides  of  the  contained  animal,  so  that  they  are  "  right " 
and  "  left,"  instead  of  being  dorsal  and  ventral.  Further,  the 
two  valves  are  usually  of  the  same  size  ("  equivalve  "),  and  a 
line  drawn  from  the  beak  to  the  base  would  almost  always 
divide  the  shell  into  unequal  halves ;  so  that  the  shell  is  "  in- 
equilateral." 

Ordinarily  the  ventral  valve  of  the  shell  of  the  Brachiopods 
is  the  largest  of  the  two,  and  it  is  generally  fiimished  with  a 
prominent  curved  "beak."    Very  commonly  the  beak  is  per- 
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forated  by  a  larger  or  smaller  aperture,  which  is  termed  the 
"  foramen  "  (fig,  139,  B),  and  which  serves  for  the  transmission 
of  a  muscular  peduncle  or  stem  by  which  the  shell  is  attached 
to  some  foreign  object.  In  some  cases,  however  (as  in  Lingida'), 
the  peduncle  simply  passes  between  the  apices  of  the  valves, 
and  there  is  no  foramen ;  whilst  in  others  (as  in  Crania,  fig. 
j6i),  the  shell  is  merely  attached  by  the  substance  of  the  ven- 
tral valve.  The  dorsal  valve,  which  is  also  usually  the  smallest, 
is  always  free,  and  is  never  perforated  by  a  foramen.  Further, 
as  already  reniarked,  there  is  reason  to  believe  that  many  fossil 
forms  were  free  and  unattached  in  their  adult  condition. 

In  most  living  Brachiopods  the  valves  are  articulated  to  one 
another  by  two  teeth  which  are  developed  upon  the  ventral 
valve,  and  fit  into  corresponding  sockets  in  the  dorsal  valve. 
Behind  the  dental  sockets  of  the  dorsal  valve  there  is  usually  a 
prominent  process  ("cardinal  process"),  to  which  are  attached 
two  "  cardinal  muscles."  These  are  inserted  on  each  side  of 
the  centrS  of  the  ventral  valve,  and  serve  to  open  the  shell. 
The  valves  of  the  shell  are  closed  by  proper  "adductor  muscles  " 
(usually  four  in  number),  which  also  pass  between  the  valves ; 
and  in  those  in  which  hinge-teeth  are  wanting,  it  is  by  these 
muscles  that  the  valves  are  kept  together.  These  muscles 
leave  "  scars"  or  impressions  at  their  points  of  insertion  and 
origin :  and  the  number  and  form  of  these  scars  afford  impor- 
tant diagnostic  characters  to  the  palaeontologist. 

Very  commonly,  the  beaks  of  the  dorsal  and  ventral  valves 
are  separated  from  one  another  by  a  narrower  or  wider  space, 
which  is  termed  the  "hinge-area"  (fig.  140).     In  some  genera, 


as  in  Spirifera,  the  area  is  very  conspicuous ;  in  other  cases  it 
is  very  narrow,  or  even  does  not  exist.  In  front  of  the  foramen 
of  the  ventral  valve,  and  very  often  forming  part  of  its  circum- 
ference, there  is  commonly  a  triangular  plate,  which  may  be 
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composed  of  one  or  two  pieces,  and  which  is  termed  the  "  del- 
tidium"  (fig.  140,  m).  In  other  cases  this  structure  is  alto- 
gether wanting. 

In  intimate  structure,  the  shell  of  most  of  the  Brachiopoda 
(fig.  141)  consists  "  of  flattened  prisms,  of  considerable  length, 
arranged  parallel  to  one  another  with  great  regularity,  and  at  a 
very  acute  angle — usuallyonly  about  10°  _ 

or  1 2° — with  the  surfaces  of  the  shell," —      f    ~    ^  ^  ^'  "'  i'V  ' 
(Carpenter.)     In  most  cases,  also,  the     ^"1  'rt  'i^.^*"'' 
shell  is  perforated  by  a  senes  of  mmute      ' ,^  X'V  ,1 

canals,  which  pass  from  one  surface  of     i'  *       r     '" 
the  shell  to  the  other,  in  a  more  or  less 
vertical  direction,  usually  widenmg  as     1    r  r 

they  approach    the    e\temal    suiCice      I  ^ 

These  canals  give  the  shell  a  "punc       \  ^ 

lated  "  structure,  and  in  the  hving  am  Fg  141  — Mnunninactun 
ma]  they  contain  aecal  tubuli,  or  pro-  "/  "■=  ^.'J'  "I:  7'"^t!^!^' 
longations,  from  the  mantle,  which  are  ofiheaeu  Md ih« q»ik»u. 
considered  by  Huxley  as  analogous  to 
the  vascular  processes  by  which  in  naariy  Ascidians  the  muscular 
tunic,  or  "mantle,"  is  attached  to  the  outer  tunic,  or  "test." 
In  some  of  the  Brachiopoda  (as  in  the  Rhynchonellidre)  the  shell 
is  "  impunctate,"  or  is  devoid  of  this  singular  canal  system. 

The  inner  surface  of  the  valves  of  the  shell  is  lined  by  ex- 
pansions of  the  integument  which  secrete  the  shell,  and  are 
called  the  "  lobes  "  of  the  "  pallium,"  or  "  mantle."  The  diges- 
tive organs  and  muscles  occupy  a  small  space  near  the  beak 
of  the  shell,  which  is  partitioned  off  by  a  membranous  septum, 
which  is  perforated  by  the  aperture  of  the  mouth.  Tlie  re- 
mainder of  the  cavity  of  the  shell  is  almost  filled  by  two  long 
oral  processes,  which  are  termed  the  "  anns,"  and  from  which 
the  name  of  the  class  has  been  derived  (fig.  138,  i).  These 
organs  are  lateral  prolongations  of  the  margins  of  the  mouth, 
usually  of  great  length,  closely  coiled  up,  and  fringed  on  one 
side  with  lateral  processes,  or  "  cirri."  In  many  Brachiopods 
the  aims  are  supported  upon  a  more  or  less  complicated  inter- 
nal calcareous  frameworlc  or  skeleton,  which  is  sometimes  called 
the  "carriage-spring  apparatus." 

In  some  forms,  as  in  the  typical  Terebratula  (fig.  138,  2),  the 
internal  skeleton  which  supports  the  arms  is  a  short  shelly  loop, 
of  a  very  simple  character.  In  these  cases  it  is  only  at  their 
bases  that  the  arras  are  supported,  and  they  are  therefore 
more  or  less  movable.  In  other  cases,  as  in  the  Spiriffridee 
(fig.  142),  the  arms  must  have  been  immovable,  as  they  are 
supported  by  two  thin  spirally-rolled  lamellas,  which  form  two 


calcareous  spires  in  the  interior  of  the  dorsal  valve-  In  some 
cases,  the  whorls  of  these  spires  are  in  turn  furnished  with 
minute  calcareous  spines,  showing  that  the  cirri  of  the  arms 


were  also  supported  by  an  internal  skeleton.  The  form  and 
development  of  the  calcareous  supports  of  the  arms,  though 
liable  to  vary  with  age,  nevertheless  furnish  important  characters 
in  the  discrimination  of  fossil  Brachiopods. 

The  Braehiopoda  may  be  divided  into  two  groups,  called 
respectively  the  Ariieulata  and  InartUulata.  In  the  former 
the  valves  of  the  shell  are  united  along  a  hinge-line,  the  lobes 
of  the  mantle  are  not  completely  free,  and  the  intestine  ends 
cscally.  In  this  group  are  the  recent  TerebratuUda  and  Rhyn- 
chondlida.  In  the  Inartkulata  the  valves  of  the  shell  are  not 
united  along  a  hinge-line,  the  mantle-lobes  are  completely  free, 
and  the  intestine  terminates  in  a  distinct  anus.  In  this  group 
are  the  Crantada,  Discinida,  and  Linguiuia. 

The  Brachiopods  are  of  such  importance  as  fossils  that  the 
characters  of  the  more  important  groups,  with  their  geolt^cal 
range,  and  leading  genera  will  here  be  given,  along  with  figures 
of  the  commoner  types.  As  regards  the  general  distribution 
of  the  class  in  time,  the  Brachiopoda  are  found  from  the  Cam- 
brian Rocks  up  to  the  present  day,  and  present  us  with  an 
example  of  a  group  which  appears  to  be  slowly  dying  out 
Nearly  two  thousand  extinct  species  have  been  described,  and 
.  the  class  appears  to  have  attained  its  maximum  in  the  Silurian 
epoch,  which  is,  for  this  reason,  sometimes  called  the  "  Age 
of  Brachiopods."  Numerous  genera  and  species  are  found  also 
in  both  the  Devonian  and  Carboniferous  formations.  In  the 
Secondary  Rocks  Brachiopoda  are  still  abundant,  though  less 
so  than  in  the  Palaeozoic  period.  In  the  Tertiary  epoch  a  still 
further  diminution  takes  place,  and  at  the  present  day  we  are 
not  acquainted  with  a  hundred  living  forms.  Of  the  families 
ol  Brachiopoda,  the  Produdida,  Strophotnmida,  and  Spiriferida 
are  the  more  important  extinct  types.     Of  the  genera,  the  most 
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persistent  is  the  genus  Lingula,  which  commences  in  the  Cam- 
brian Rocks,  and  has  maintained  its  place  up  to  the  present 
day,  though  it  appears  to  be  gradually  dying  out. 

According  to  Woodward : — "The  hingeless  genera  attained 
their  maximum  in  the  Palaeozoic  age,  and  only  three  now  sur- 
vive {Lingula,  Disdna^  Crania) — the  representatives  of  as  many 
distinct  families.  Of  the  genera  with  articulated  valves  those 
provided  with  spiral  arms  appeared  first,  and  attained  their 
maximum  while  the  Terehratulida  were  still  few  in  number. 
The  subdivision  with  calcareous  spires  disappeared  with  the 
Liassic  period,  whereas  the  genus  Rhynchotitlla  still  exists. 
Lastly,  the  typical  group,  72r^^ra/«/wte,  .attained  its  maximum 
in  the  Chalk  period,  and  is  scarcely  yet  on  the  decline." 

Of  the  families  of  the  Brachiopoday  the  Froductida  and 
Strophotnmida  are  exclusively  Palaeozoic.  The  SpiriferidcR 
are  mainly  Palaeozoic,  but  extend  into  the  Lias,  where  they 
finally  disappear.  The  Lingulida  commence  in  the  Cambrian 
period,  and  have  survived  to  the  present  day.  The  Rhyncho- 
tuliidcB,  CraniadcB,  and  Discinida  commence  in  the  Silurian 
period,  and  are  represented  by  living  forms  in  existing  seas. 
The  Koninckinidcz  are  exclusively  Triassic.  The  Jliecidida  ex- 
tend from  the  Trias  to  the  present  day ;  and  the  TerebratulidtB 
appear  to  commence  in  the  Devonian,  and  are  well  represented 
by  living  forms.  In  the  following  are  given  the  leading  char- 
acters and  more  important  forms  of  the  families  of  the  JBrachio- 
poda:* — 

Fam.  I.  TEREBRATULiDiE. — Shell  minutely  punctate:  ven- 
tral valve  with  a  prominent  beak,  perforated  by  a  foramen  for 
the  emission  of  a  muscular  ped- 
uncle, whereby  the  animal  is 
fixed  to  some  submarine  object. 
Foramen  partially  surrounded 
by  a  deltidium  of  one  or  two 
pieces.  Arms  entirely  or  par- 
tially supported  by  calcified 
processes,  usually  in  the  form 
of  a  loop,  and  always  fixed  to 
the  dorsal  valve  (fig.  143.) 

In  the  genus  Terebratula  it- 
self, and  in  Terebraiultna^  the 
loop  supporting  the  arms  is  very  short,  the  former  commencing 

*  Most  of  the  details  of  this  section  are  taken  from  the  magnificent 
Monograph  of  the  Brachiopoda,  published  by  the  Palaeontographical 
Society,  and  written  by  Thomas  Davidson,  Esq.,  F.R.S.,  the  greatest 
living  authority  upon  the  subject  of  the  Biachiopods. 


Fiff.  143. — Terebratula  saccuiuSf  Car- 
boniterous.  The  risht-hand  figure  shows 
the  interioriof  the  dorsal  valve  with  the 
loop.    (After  Dawson.) 
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in  the  Devonian  period,  the  latter  in  the  OoUtic,  and  both 
being  represented  by  living  forms.  In  the  genus  Waldlieimia 
there  is  a  very  long  loop,  which  is  bent  backwards,  and  the 
same  is  the  case  with  Terebratella.  The  former  appears  to 
commence  in  the  Trias,  the  latter  in  the  Cretaceous  Rocks,  and 
both  have  survived  to  the  present  day.  Forming  a  section  of 
the  Terebratulida,  or  sometimes  regarded 
as  a  separate  family,  are  the  two  or  three 
species  which  make  up  the  genus  Strin- 
gocep}talus.  These  (fig.  144)  are  all  De- 
vonian, and  are  characterised  by  the  pos- 
session of  a  long  loop,  and  a  widely- 
_     .  punctated  shell.     The  beak  of  the  ventral 

f^Sit  'j^rtod,  De™^    valve  is  very  prominent,  and  is  pierced  by 
"^  a  foramen,  which  is  large  in  the  young, 

and  small  in  the  adult  shell ;  and  the  ventral  valve  has  a  weU- 
developed  mesial  septum. 

Fam.  II.  Thecidid*. — Shell  fixed  to  the  sea-bottom  by 
the  substance  of  the  beak  of  the  larger  or  ventral  valve ; 
structure  punctated.     Oral  processes  (arms)  united  m  the  form 


of  a  bridge  over  the  visceral  cavity ;  cirrated  arms  folded  upon 
themselves,  and  supported  by  a  calcareous  loop.     (Fig.  14S-) 
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The  members  of  this  family  are  all  attached  to  some  foreign 
body  by  a  portion  of  the  beak  of  the  ventral  valve,  which,  in 
the  adult  state,  has  either  no  foramen,  or  an  exceedingly  small 
one.  The  ventral  valve  has  a  well-marked  hinge-area  and  an 
indistipct  triangular  deltidium.  All  the  known  species  belong 
to  the  single  genus  Thecidium^  represented  at  the  present  day 
by  a  single  living  species.  In  time,  the  genus  Thecidium 
seems  to  have  commenced  in  the  Upper  Trias,  and  is  well  re- 
presented in  parts  of  the  Jurassic  and  Cretaceous  Series. 

Fam.  III.  SpiRiFERiDiE. — Animal  free  when  adult,  or  rarely 
attached  by  a  muscular  peduncle.  Shell  punctated  or  un- 
punctated.  Arms  greatly 
developed,  and  entirely 
supported  upon  a  thin, 
shelly,  spirally-rolled  la- 
mella (fig.  142  and  fig. 
146.) 

The  family  of  the  Spir- 
iferida  is  pre  -  eminently 
Palaeozoic,  but  several 
forms  extend  into  the  older 
Secondary     Rocks.       No 

member  of  the  family,  however,  has  yet  been  found  in  rocks 
younger  than  the  Lias.  Of  the  genera  of  the  family,  in  the  gen- 
us Spirifera^  or  Spirifer  (fig.  148),  the  valves  of  the  shell  are 
articulated  by  teeth  and  sockets,  and  the  shell  is  not  punctated. 
The  hinge-area  is  divided  across  in  each  valve  by  a  triangular 
fissure,  which  in  the  ventral  valve  is  closed  more  or  less  com- 


Fig.  \^6.—Atkyris  subtiliia.  Lower  Car- 
boniKrous.  The  right-hand  figure  shows  the 
interior  of  the  dorsal  valve,  with  the  spiral  stip* 
ports  for  the  arms.    (After  Dawson.) 


Figs.  147  and  148. — S/ir^fera  scnlptilis,  Devonian.    Spir^fera  mucrottatat  Devonian. 

pletely  by  a  pseudo-deltidiuni,  and  in  the  dorsal  valve  is 
occupied  by  the  cardinal  process.  The  true  Spirifers  are 
mainly  Silurian  and  Devonian,  and  the  form^  of  the  latter 
fonnation  often  have  the  shell  winged,  or  drawn  out  at  the 
lateral  angles  (fig.  148).  The  genus  Spiriferina  differs  from 
Spirifer  chiefly  in  having  the  shell  punctated,  and  extends 
from  the  Devonian  to  the  Lias.  In  the  genus  Cyrtia,  the 
shell  is  impunctate,  and  the  deltidium  is  peiforated  by  a  small 
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foramen.  This  genus  extends  from  the  Upper  Silurian  to  the 
Trias.  In  the  genus  Athyris  (fig.  146)  there  is  no  hinge-area 
or  deltidium,  and  the  beak  of  the  ventral  valve  does  not  appear 
to  be  perforated  by  a  foramen  in  the  adult  condition.  All  the 
Bpecies  of  Athyris  appear  to  be  Palaeozoic,  and  they  are  es- 
pecially characteristic  of  the  Devonian  period.  In  the  genus 
Spirigera  (including  Retsia)  there  is  no  true  hinge-area,  and 
the  beak  of  the  ventral  valve  is  terminated  by  a  round  foramen, 
with  a  distinct  deltidium.  The  members  of  this  genus  extend 
from  the  Silurian  to  the  Trias.     In  the  genus  Undies  the  shell 
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is  impunctate,  there  is  no  hinge-area,  and  the  ventral  valve  has 
a  long  incurved  beak,  which  is  perforated  in  the  young  shell 
by  a  small  foramen.  The  genus  is,  so  far  as  known,  exclusively 
Devonian.  Lastly,  in  the  genus  Atrypa  (fig.  149)  the  shell  is 
impunctate,  and  the  beak  of  the  ventral  valve  is  long  and 
incurved.  The  beak  is  perforated 
by  a  small  foramen,  completed  by  a 
deltidium.  Owing  to  the  curvature 
of  the  beak,  however,  this  foramen  is 
often  concealed,  so  that  the  beak 
seems  to  be  imperforate ;  hence  the 
name  of  the  genus ,  (Gr.  a,  without ; 
frupa,  aperture-)  It  is  probable  that 
the  shell  was  unattached  in  the  later 
porrionsof  its  existence.  The  genus 
is  exclusively  Paleozoic,  appearing 
to  be  confined  to  the  Silurian  and 
Devonian  formations.  The  best- 
known  species  is  A.  reticularis,  figured  above. 

Fam.  IV.  KoN)NCKiNiD-€. — Animal  unknown.  Shell  free ; 
valves  unarticulated  (?).  Oral  arms  supported  by  two  lamellae 
spirally  coiled  (fig.  150). 

The  only  genus  of  this  family  is  Konindtia,  represented  by 
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the  single  spedes  K.  Lamhardi  of  the  Trias  of  St  Casstan. 
The  shell  resembles  Produda  in  being  eared,  and  the  dorsal 
valve  is  concave,  and  follows  the  curve  of  the  ventral  valve. 
It  differs  from  Producta  in  having  the  arms  supported  upon 
spiral  processes. 

Fam.  V.  Rhynchonellid^e. — Animal  free,  or  attached  by  a 
muscular  peduncle  issuing  from  an  aperture  situated  under  the 
extremity  of  the  beak  of  the  ventral  valve.  Arms  spirally 
rolled,  flexible,  and  supported  only  at  their  origin  by  a  pair  of 
short,  curved,  shelly  processes.  Shell-structure  fibrous  and 
impunctate.     (Fig.  iji.) 


The  Rhynchondiida  range  from  the  Lower  Silurian  to  the 
present  day,  in  the  person  of  the  gcnns  Rhynchonella  itself;  but 
the  remaining  genera  of  the  family  are  exclusively  Palseozoic 
The  genus  Shynchonella  (fig.  151)  has  the  valves  more  or  less 
convex,  smooth  or  plaited,  united  by  teeth  and  sockets.  The 
shell  is  trigonal,  generally  with  a  mesial  fold  and  sinus  (fig.  139), 
and  having  the  beak  of  the  ventral  valve  acute,  incurved, 
or  prominent.  The  foramen  is  situated  under  the  beak,  open 
to  view,  or  concealed,  and  entirely  or  partially  completed  by 
a  deltidium.  The  species  of  th«;  genus  Rhymhonella  are  very 
abundant  in  both  Palasozoic  and  Mesozoic  deposits,  and  two 
species  are  known  at  the  present  day. 

In  the  genus  Pentamerus  (fig.  152),  the  shell  is  ovate,  the 
valves  articulated  by  teeth  and  sockets,  generally  ribbed  or 
striated,  but  sometimes  smooth. 

The  beaks  are  incurved,  that  of  the  ventral  valve  concealing 
a  triangular  fissure.  Inside  the  ventral  valve  "  two  contiguous 
vertical  septa  coalesce  into  one  median  plate,  extending  from 
the  beak  to  a  greater  or  less  distance ;  and  then  diverge  and 
form  the  dental  plates,  enclosing  a  triangular  chamber  of  much 
smaller  dimensions  than  the  lateral  ones." — (Davidson.)  The 
small  central  chamber  must  have  been  occupied  by  the  diges- 
tive organs,  and  the  spiral  arms  must  have  filled  the  great 


lateral  spaces.  In  the  interior  of  the  snialler  or  dorsal  valve 
are  two  longitudinal  septa,  which  often  form  a  chamber  cor- 
responding to  and  apposed  to  the  median  chamber  in  the  ven- 


tral valve.  The  Paitameri  range  from  the  Lower  Siltfrian  to 
the  Carboniferous  inclusive  ;  but  they  are  especially  character- 
istic of  that  portion  of  the  Silurian  series  known  as  the  Lland- 
overy formation.  They  often  occur  in  the  greatest  profusion, 
and  the  species  have  in  many  cases  an  enormous  geographical 
range. 

The  two  other  genera  generally  placed  in  the  Rhynchonel- 
lida — viz.,  Camarophoria  2.t\A  Poramboniles,  are  of  little  impor- 
tance. The  former  is  confined  to  the  Carboniferous  and 
Permian  deposits,  and  the  latter  occurs  exclusively  in  strata  of 
Lower  Silurian  age. 

Fam.  VI.  Strop  HO  MENiD^. — Animal  unknown ;  some  pro- 
bably free — others  attached,  during  the  whole  or  a  portion  of 
their  existence,  by  a  muscular  peduncle.  No  calcified  supports 
for  the  arms.  Shell  with  a  straight  hinge-line  and  a  tow  trian- 
gular area  in  each  valve.  Shell-structure  fibrous  or  punctated. 
The  Sirophommida  are  exclusively  Palasozoic,  and  include  the 


genera  Orlhis,  OrihUina,  Strophoinena,  Leptana,  and  David- 
sonia,  of  which  the  first  four  only  are  sufficiently  abundant  to 
need  notice  here. 
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In  the  genus  Orthh  the  valves  are  articulated  by  teeth  and 
sockets,  and  usually  are  more  or  less  transversely  oblong  (fig. 
153).  There  is  a  straight  hinge-line,  generally 
shorter  than  the  width  of  the  shell.  Each  valve 
has  a  hinge-area,  notched  in  its  centre  by  a 
triangular  fissure  through  which  the  fibres  of 
the  peduncle  were  transmitted.  The  shell  is 
often  more  or  less  flattened  or  depressed,  and 
the  surface  may  be  smooth,  but  is  more  com-  ^  _y^ 
monly  ornamented  with  strije,  or  furnished  with  '*" ,  lUgoHiKia^ 
well-marked  longitudinal  ribs.  The  species  of  '  ""^ 
the  genus  Orihis  abound  in  the  Silurian,  Devonian,  and  Car- 
boniferous periods,  especially  in  the  first  of  these ;  but  the 
genus  is  not  known  to  have  survived  the  Carboniferous  period. 

In  the  genus  Orthisina  (fig.  156)  the  shell  nearly  resembles 
that  oit  Orihis;  but  there  is  a  double  hinge-area,  largest  in 
the  ventral  valve,  the  central  fissures  of 
which  are  always  covered  by  a  convex  delti- 
dium ;  whereas  in  the  latter  genus  they  are 
open.  In  some  species  (as  in  O.  Verneuili) 
the  deltidium  is  perforated  by  a  foramen 
under  the  beak  of  the  ventral  valve.  The 
typical  species  of  Orthisina  are  Silurian; 
but  the  genus  is  stated  by  Mr  Davidson  to 
range  through  the  Devonian  and  Carbon- 
iferous into  the  Permian.  ,_ 

In   Strophomma   (fig.    157)  the   shell  is 
depressed,  generally  semicircular,  the  hinge-line  as  long  as 
the  width  of  the  shell,  or  longer.    The  surface  may  be  smooth, 
but  is  most  commonly  striated  or  ribbed.     There  is  a  double 


hinge-area,  which  is  largest  in  the  ventral  valve.  Each  hinge- 
area  has  a  median  notch,  which,  in  the  ventral  valve,  is  par- 
tially covered  by  a  deltidium.     The  ventral  valve  may  be 
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convex  or  concave,  and  the  dorsal  valve  follows  the  curvature 
of  the  ventral  valve.  The  species  of  the  genua  Slrophometia 
are  very  abundant  in  the  Silurian,  Devonian,  and  Carbonifer- 
ous fonnattons,  oilen  attaining  a  large  size ;  but  they  do  not 
seem  to  have  survived  the  close  of  the  last-named  period. 

In  the  genus  Lepltena  are  fonns  smaller  than  the  Stropho- 
mena,  but  resembling  them  in  man]'  respects.     The  shell  Is 
more  or  less  completely  semicircular  (fig.  158),  with  a  double 
hinge-area,  notched  in  the  centre,  the 
fissure  in  the  ventral  valve  being  partly 
covered  by  a  deltidium.      The  valves 
I      articulate  by  teeth  and  sockets,  and  the 
I      surface  is  generally  striated.    The  Lep- 
^^^^H      '        tana '  extend  from  the  Silurian  Rocks 
^^^^^  to  the  summit  of  the  Lias,  but  are  not 

Fig.  .si-zz/te*.  uri-  I'lio'™  i"  a"y  younger  deposits. 
™.  »  yeninJ  vjjyt ;  *  Fam.  VII.  Productid-e. — Animal  un- 
thi  ihciT  *siiiii»a?'"'" "'  known.  Shell  entirely  free,  or  attached 
to  submarine  objects  by  the  substance 
of  the  beak;  valves  either  regularly  articulated,  or  kept  in 
place  by  muscular  action  alone.  No  calcified  supports  for 
the  oral  processes.  The  Produdida  are  exclusively  Palaeozoic, 
and  are  especially  characteristic  of  the  Devonian,  Carbonifer- 
ous, and  Permian  deposits. 

The  two  most  important  genera  of  the  Productida  are 
Chonftes  and  Producta.  In  the  genus  Chonetes  (fig,  159)  the 
shell  is  concavo-convex,  transversely  oblong,  with  a  straight 


hinge-line.  The  hinge-line  is  as  wide  as  the  shell,  or  the  shell 
is  eared.  The  ventral  valve  is  convex,  the  dorsal  concave, 
and  both  have  a  distinct  hinge-area,  with  a  central  fissure, 
closed  in  the  ventral  valve  by  a  p send o- deltidium.  The 
upper  edge  of  the  hinge-area  of  the  ventral  valve  is  furnished 
wim  a  row  of  delicate,   tubular  spines.      The   species    of 
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Chmefa  are  distributed  in  the  Silurian,  Devonian,  and  Car- 
boniferous periods,  but  they  are  most  abundant  in  the  last 
of  these. 

In  the  genus  Producta  (fig.  1 60)  the  valves  are  not  articu- 
lated by  any  apparatus  of  teeth  and  sockets,  and  the  shell 
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would  appear  to  have  been  free  in  the  adult  condition.  The 
shell  is  generally  transversely  elongated,  and  is  auriculate,  or 
furnished  with  ear-like  expansions.  There  is  a  straight  hinge- 
Hne,  usually  shorter  than  the  width  of  the  shell  The  hinge- 
area  is  rudimentary  or  wanting.  The  ventral  valve  is  convex, 
the  dorsal  concave,  following  the  curve  of  the  former.  The 
surface  is  ribbed  or  striated,  and  the  ribs  cany  a  greater  or 
less  number  of  longer  or  shorter  tubular  spines,  which  are 
especially  abundant  upon  the  auricular  expansions.  The 
species  of  Produda  range  from  the  Devonian  to  the  Permian, 
but  the  genus  is  essentially  and  especially  characteristic  of  the 
Carboniferous  period 

Fam.   VIII.   Craniad«. — Animal  fixed  to  submarine  ob- 
jects by  the  substance  of  the  ventral  valve.     Arms  fleshy  and 


spirally  coiled.    No  hii^e  or  articulating,  processes ;  upper  or 
dorsal  valve  limpet-shaped  (fig.  161).    The  family  includes  the 
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single  genus  Crania,  which  commenced  in  the  Silurian  period, 

and  has  continued  to  exist  without  interruption  to  the  present 
day.  The  shell  may  be  smooth,  or  striated  with  radiating 
ribs,  sometimes  with  spines  or  foliaceous  expansions.  The 
ventral  valve  is  the  shallowest,  and  the  shell  is  usually  attached 
by  a  portion  of  its  substance.  The  dorsal  valve  is  more  or 
less  conical,  and  the  valves  are  simply  kept  in  apposition  by 
muscular  action. 

Fam.  IX.  DisciNiD*.  —  Animal  attached  by  means  of  a 
muscular  peduncle  passing  through  the  ventral  or  lower  valve, 
by  means  of  a  slit  in  its  hinder  portion  or  a  circular  foramen 
excavated  in  its  substance.  Aims  fleshy.  Valves  un articulated. 
The  Discinida  range  from  the  Silurian  period  to  the  present 
day.  The  three  most  important  genera  are  Discina,  Trematis, 
and  Siphonotrda. 

In  Discina  (fig.  162)  the  shell  is  generally  circular  or  orbicu- 
lar in  shape     The  upper  valve  is  limpet-shaped,  smooth  or 
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concentrically  striated ;  the  ventral  valve  is  flat  or  partly  con- 
vex, perforated  by  a  longitudinal  slit,  which  is  placed  in  the 
middle  of  an  oval  depressed  disc.  The  valves  are  not  articu- 
lated to  one  another,  but  are  kept  together  by  muscular  action 
alone.  The  species  of  the  genus  Disdna  range  from  the 
Silurian  Rocks  to  the  present  day,  seven  species  being  now 
living. 

In  the  genus  Trematis  both  valves  are  more  or  less  convex, 
and  the  general  shape  of  the  shell  is  more  or  less  oval  or  sub- 
orbicular.  The  ventral  valve  is  furnished 
with  a  slit  for  the  passage  of  a  peduncle 
of  attachment.  This  genus  seems  to  be 
exclusively  Silurian. 

In  the  genus  Siphonolreia  (fig.  164) 
the  shell  is  oval,  inequivalve,  with  un- 
articulated  valves.  The  betik  of  the 
ventral  valve  is  perforated  by  a  foramen 
which  opens  on  its  back,  and  communicates  with  the  interior 
by  a  cylindrical  tube.    The  surface  of  the  shell  is  covered  with 
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concentric  lines  of  growth,  and  furnished  with  numerous  deli- 
cate tubular  spines,  which,  however,  are  rarely  preserved.  All 
the  SipAmotreta  at  present  known  belong  to  the  Silurian  period, 

Fam.  X.  LingulidjE. — Animal  fixed  bya  muscular  peduncle 
passing  out  between  the  beaks  of  the  valves.  Aims  fleshy,  not 
supported  by  calcified  processes.  Shell  unarticulated,  sub-equi- 
valve,  of  a  horny  texture.  The  Lingulida  range,  in  the  person 
oi  Lingula  itself,  from  the  Cambrian  period  to  the  present  day. 

In  the  genus  Linguia  (fig.  165)  the  shell  is  oblong,  com- 
pressed, the  dorsal  valve  little  smaller  than  the  ventral.    The 


shell  is  oval,  rounded,  or  satchel-shaped,  tapering  more  or  less 
towards  the  beaks.  The  surface  is  concentrically  striated  with 
lines  of  growth.  The  genus  commences  to  be  represented  in 
the  Cambrian  Rocks,  and  has  continued  without  interruption, 
and  with  no  perceptible  change,  to  the  present  day. 

In  Obolus  the  valves  are  orbicular,  sub-equal,  smooth,  the 
ventral  valve  having  a  longitudinal  furrow  for  the  passage  of 


. — OiBUila  eiKftilala,  Billingi.    Upper  Cunbtian 


fibres  of  attachment  The  valves  are  unarticulated,  and  are 
maintained  in  apposition  by  muscular  action.  All  the  known 
species  of  Obolus  are  confined  to  the  Silurian  period,  and  are 
especially  characteristic  of  the  Lower  Silurian  period.    The 
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genus  Oholdla  (fig.  i66)  of  Mr  Billings  is  only  separated  from 
Obolus  by  certain  internal  characters.  The  little  shells  belong- 
ing to  this  genus  sometimes  occiu:  in  myriads  in  the  Potsdam 
Group  (Upper  Cambrian)  of  North  America. 


CHAPTER  XX, 
LAMELLIBRANCHIA  TA, 


The  LameUibranchiata  or  Bivalve  Shell-fish  are  distinguished 
by  the  fact  that  the  head  Is  not  distinct,  and  the  mouth  is  destitute 
of  any  apparatus  of  teeth.  The  body  is  more  or  less  completely 
protected  in  a  bivalve  shell,  composed  of  two^  usually  symmetrical, 
pieces  or  valves.  There  are  generally  two  leaf  like  lamellar  ^Is 
upon  each  side  of  t lie  body. 

The  Lamellibranchs  include  all  the  ordinary  Bivalve  Shell- 
fish, such  as  Oysters,  Cockles,  Mussels,  and  the  like,  and  they 
are  all  either  marine  or  inhabitants  of  fresh  water. 

Though  they  agree  with  the  Brachiopoda  in  possessing  a 
shell  which  is  composed  of  two  pieces  or  valves,  there  are, 
nevertheless,  many  points  in  which  the  shell  of  a  Lamelli- 
branch  is  distinguishable  from  that  of  a  Brachiopod,  irrespec- 
tive of  the  great  difference  in  the  structure  of  the  animal  in 
each.  The  shell  in  the  Brachiopoda,  as  we  have  seen,  is  rarely 
or  never  quite  equivalve,  and  always  has  its  two  sides  equally 
developed  (equilateral) ;  whilst  the  valves  are  placed  antero- 
posteriorly  as  regards  the  animal,  one  in  front  and  one  behind, 
so  that  they  are  **  dorsal "  and  "  ventral."  In  the  LameUibran- 
chiata^ on  the  other  hand,  the  two  valves  are  usually  of  nearly 
equal  size  (equivalve),  and  are  more  developed  on  one  side 
than  on  the  other  (inequilateral) ;  whilst  their  position  as  re- 
gards the  animal  is  always  lateral,  so  that  they  are  properly 
termed  "  right "  and  "  left "  valves,  instead  of  "  ventral "  and 
"  dorsal.'' 

It  is  to  be  remembered,  however,  that  many  of  the  Bivalves, 
such  as  the  Oysters,  habitually  lie  on  one  side,  in  which  case 
the  valves,  though  really  right  and  left,  are  called  "  upper"  and 
"  lower."  It  is  to  be  borne  in  mind  also  that  the  two  valves, 
especially  in  the  attached  Bivalves,  may  be  very  unsymmetri- 
cal,  one  valve  being  much  larger  or  deeper  than  the  other. 
Lastly,  there  are  some  cases  in  which  the  shell  becomes  very 
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nearijr  equilateral,  the  line  drawn  from  the  beaks  to  the  base 
dividing  the  shell  into  two  almost  equal  halves. 


The  following  are  the  chief  points  to  be  noticed  in  connec- 
tion with  the  shell  of  any  Lamellibranch  :  Each  valve  of  the 
shell  may  be  regarded  as  essentially  a  hollow  cone,  the  apex 
of  which  is  turned  more  or  less  to  one  side;  so  that  more  of 
the  shell  is  situated  on  one  side  of  the  apex  than  on  the  other. 
The  apex  of  the  valve  is  called  the  "umbo,"  or  "beak"  (fig. 
1 67,  a),  and  is  always  turned  towards  the  mouth  of  the  animal. 
Consequently  the  side  of  the  shell  towards  which  the  umbones 
are  turned  is  the  "  anterior  "  side,  and  it  is  usually  the  shortest 
half  of  the  shell.  The  longer  half  of  the  shell,  from  which  the 
umbones  turn  away,  is  called  the  "  posterior  "  side,  but  in  some 
cases  this  is  equal  to,  or  even  shorter  than,  the  anterior  side. 
The  side  of  the  shell  where  the  beaks  are  situated,  and  where 
the  valves  are  united  to  one  another,  is  called  the  "  dorsal " 
side ;  and  the  opposite  maigin,  along  which  the  shell  opens,  is 
called  the  "ventral"  side,  or  "base."  The  lettgti  of  the  shell 
is  measured  from  its  anterior  to  its  posterior  margin,  and  its 
breadth  from  the  dorsal  margin  to  the  base. 

At  the  dorsal  margin  the  valves  are  united  to  one  another 
for  a  shorter  or  longer  distance,  along  a  line  which  is  called  the 
"  hinge-line."  The  union  is  effected  in  most  shells  by  means 
of  a  series  of  parts  which  interlock  with  one  another  (the 
"  teeth"),  but  diese  are  sometimes  absent,  when  the  shell  is 
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said  to  be  **  edentulous."  Posterior  to  the  umbones,  in  most 
bivalves,  is  another  structure  passing  between  the  valves,  which 
is  called  the  "  ligament,"  and  which  is  usually  composed  of  two 
parts,  either  distinct  or  combined  with  one  another.  These 
two  parts  are  known  as  the  "  external  ligament "  (or  the  liga- 
ment proper),  and  the  "cartilage,"  and  they  constitute  the 
agency  whereby  the  shell  is  opened ;  but  one  or  other  of  them 
may  be  absent.  The  ligament  proper  is  outside  the  shell,  and 
consists  of  a  band  of  homy  fibres,  passing  from  one  valve  to 
the  other  just  behifid  the  beak,  in  such  a  manner  that  it  is  put 
upon  the  stretch  when  the  shell  is  closed.  The  cartilage,  or 
internal  ligament,  is  lodged  between  the  hinge-lines  of  the  two 
valves,  generally  in  one  or  more  "  pits,"  or  in  special  processes 
of  the  shell.  It  consists  of  elastic  fibres  placed  perpendicularly 
between  the  surfaces  by  which  it  is  contained,  so  tiiat  they  are 
necessarily  shortened  and  compressed  when  the  valves  are 
shut  To  open  the  shell,  therefore,  it  is  simply  necessary  for 
the  animal  to  relax  the  muscles  which  are  provided  for  the 
closure  of  the  valves,  whereupon  the  elastic  force  of  the  liga- 
ment and  cartilage  is  sufficient  of  itself  to  open  the  shell. 

The  hinge-line  is  mostly  curved,  but  it  may  be  quite  straight. 
Generally  the  beaks  are  more  or  less  contiguous,  but  they  may 
be  removed  from  one  another  to  a  greater  or  less  distance,  and 
in  some  anomalous  forms  they  are  not  near  one  another  at  all. 
In  the  Arccda  the  two  beaks  are  separated  from  one  another 
by  an  oval  or  lozenge-shaped  flat  space  or  area.  When  teeth 
are  present,  they  differ  much  in  their  form  and  arrangement. 
In  some  forms  (fig.  167)  the  teeth  are  divisible  into  three  sets 
— one  group,  of  one  or  more  teeth,  placed  immediately  beneath 
the  umbo,  and  known  as  the  "cardinal  teeth;"  and  two 
groups  on  either  side  of  the  preceding,  termed  the  "  lateral 
teeth."  Sometimes  there  may  be  lateral  teeth  only;  some- 
times the  cardinal  teeth  alone  are  present ;  and  in  some  cases 
{Arcada)  there  is  a  row  of  similar  and  equal  teeth. 

In  the  interior  of  the  shell  of  the  Bivalves  are  found  certain 
markings  which  are  often  of  great  importance  to  the  palaeon- 
tologist. The  body  is  enclosed  in  an  expansion  of  the  dorsal 
integument,  which  constitutes  the  "mantle"  or  "pallium," 
whereby  the  shell  is  secreted.  Towards  its  circumference  the 
mantle  is  more  or  less  completely  united  to  the  shell,  leaving 
in  its  interior,  when  the  soft  parts  are  removed,  a  more  or  less 
distinctly  impressed  line,  which  is  called  the  "  pallial  line  "  or 
"  pallial  impression  "  (fig.  168,  a).  In  some  of  the  Bivalves  the 
two  halves  or  "  lobes  "  of  the  mantle  are  united  at  their  mar- 
gins, so  that  the  animal  is  enveloped  in  an  almost  closed  sac 
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In  these  cases  it  is  necessary,  that  there  should  be  orifices  in 
the  mantle-sac  by  which  water  can  be  admitted  to  the  gills,  and 
can  be  expelled  again  from  the  body.  The  margins  or  lips  of 
these  orifices  are  usually  drawn  out  or  extended  into  longer  or 
shorter  muscular  tubes,  which  are  termed  the  "  siphons,"  and 
which  may  be  either  separate,  or  may  be  united  to  one  another 
along  one  side.  The  Bivalves  which  possess  these  siphons 
are  said  to  be  "  siphonate,"  and  there  are  two  leading  modi- 
fications in  the  arrangement  of  these  tubes.  In  the  Siphonate 
Bivalves  which  spend  their  existence  buried  in  sand  or  mud, 
as  well  as  in  many  other  cases,  the  siphons  are  long,  and  can 
be  partially  or  entirely  retracted  within  the  shell  by  means  of 
special  muscles,  called  the  "  retractor-muscles  of  the  siphons." 
In  these  cases,  the  pallial  line  does  not  run  in  an  unbroken 
curve,  but  is  deflected  inwards  posteriorly,  so  as  to  form  an 
indentation  or  bay,  which  is  termed  the  "  pallial  sinus "  (fig, 
168,  2).  The  presence,  therefore,  of  an  indented  pallial  line 
shows  that  the  animal  possessed  retractile  siphons.     In  other 


Fi^.  x68. — Shells  of  Lamellibranchiata.     x.  Cyelas  amntca,  a  dimvary  shell  with  an 
entire  pallia!  line.    a.   Tapes  pulUutra^  a  dtmyary  shell  with  an  indented  pallial  line. 

fePerHa  ephippinnit   a   monomyary  shelL     (After   Woodward.)    a   Palhal   line;   b 
uscular  impressions  left  by  the  adductors ;  c  Si  phonal  impression. 

Bivalves  the  respiratory  siphons  are  of  small  size,  and  are  des- 
titute of  retractor  muscles,  so  that  they  cannot  be  withdrawn 
within  the  shell.  In  these  cases  the  "  pallial  line,"  or  the  im- 
pression caused  by  the  attachment  of  the  muscular  border  of 
the  mantle,  is  unbroken  in  its  curvature,  and  presents  no 
indentation  (fig.  168,  i).  In  another  group  of  the  Bivalves 
there  are  no  respiratory  siphons  at  all,  and  the  mantle-lobes 
are  free,  and  are  not  united  to  one  another  at  their  edges.  In 
these  cases  also,  the  pallial  line  is  unbroken  or  ''simple." 
When,  therefore,  we  find  a  Bivalve  shell  in  which  the  pallial 
line  is  not  indented  by  a  sinus,  we  know  that  the  animal  which 
inhabited  the  shell  ^\\hex  possessed  no  siphons^  or  that  if  siphons 
were  present  J  they  were  small  and  not  retractile. 
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In  accordance  with  these  considerations,  the  LamdiibranM- 
ata  are  divided  into  two  sections,  according  as  respiratory 
siphons  are  present  or  absent,  and  according  to  their  nature 
when  they  exist. 

Secpion  a.  Asiphonida. — ^Animal  without  respiratory  si- 
phons; mantle-lobes  free;  the  pallial  line  simple  and  not  in- 
dented (Jntegro-pallialui). 

This  section  comprises  the  families  Ostreida^  Aviculida^  My- 
tiliday  Arcada^  THgoniaday  and  Unianuia. 

Section  B.  Siphonida. — ^Animal  with  respiratory  siphons ; 
mantle-lobes  more  or  less  united. 

Two  subdivisions  are  comprised  in  this  section.  In  the 
first  the  siphons  are  short,  and  the  pallial  line  is  simple  (Integro- 
pallialia) ;  as  is  seen  in  the  families  Chamida,  Hippurittdee, 
Tridacntda,  Cardiada,  LudnidcRy  Cycladida,  and  Cyprinidce. 

The  second  subdivision  {Sinu-pallialia)    is  distinguished 

by  the  possession  of  long  respiratory  siphons,  and  a  sinuated 

pallial  line,  and  it  comprises  the  families  Veneridce,  Mactrida, 

Tdlinida,  Solenidce,  Myacidce,  Anatinidce,  Gastrochanida,  and 

Pholadida. 

Besides  the  impressions  left  by  the  muscular  border  of  the 
mantle,  and  by  the  retractor  muscles  of  the  siphons,  when 
these  are  present,  there  are  other  impressions  caused  by  the 
insertion  into  the  shell  of  the  muscles  by  which  the  valves  are 
brought  together — ^the  "  adductor  muscles."  The  number  of 
adductor  muscles  never  exceeds  two,  but  there  may  be  only 
one ;  and  in  accordance  with  this  distinction  the  Bivalves  have 
been  divided  into  the  two  groups  of  the  Dimyaria  and  Mono- 
myaria.  These  divisions,  however,  are  of  small  actual  value. 
In  most  Bivalves  there  are  two  adductor  muscles  passing  be- 
tween the  inner  surfaces  of  the  valves,  one  being  placed 
anteriorly,  in  front  of  the  mouth,  whilst  the  other  is  situated 
posteriorly,  in  the  neighbourhood  of  the  vent  In  the  Mono- 
myary  Bivalves  it  is  the  posterior  adductor  which  remains, 
and  the  anterior  adductor  is  absent  The  adductors  leave 
distinct ''  muscular  impressions,"  or  scars,  in  the  interior  of  the 
shell,  so  that  it  is  easy  in  any  given  specimen  to  determine 
where  there  was  only  one  adductor,  or  whether  two  were  pre- 
sent (see  fig.  1 68). 

The  habits  of  the  Lamellibranchiata  are  very  various.  Some, 
such  as  the  Oyster  (Ostrea),  and  the  Scallop  {Pecten),  habit- 
ually lie  on  one  side,  the  lower  valve  being  the  deepest,  and 
the  foot  being  wanting,  or  rudimentary.  Others,  such  as  the 
Mussel  (MytUus),  and  die  Pinna,  are  attached  to  some  foreign 
object  by  an  apparatus  of  threads,  which  is  called  the  '*  byssus," 
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and  is  secreted  by  a  special  gland.  Others  are  fixed  to  some 
solid  body  by  the  substance  of  one  of  the  valves.  Many,  such 
as  the  Myasy  spend  their  existence  sunk  in  the  sand  of  die  sea- 
shore or  in  the  mud  of  estuaries.  Others,  as  the  Fholadts 
and  Lithodomi,  bore  holes  in  rock  or  wood,  in  which  they  live. 
Finally,  many  are  permanently  firee  and  locomotive. 

As  regards  the  general  distribution  in  time  of  the  LanuUi- 
hranchiata^  the  class  seems  to  have  commenced  in  the  Lower 
Silurian  Rocks,  and  to  have  steadily  increased  up  to  the  pre* 
sent  day,  when  it  seems  to  have  attained  its  maximum,  both 
as  regards  numbers  and  as  regards  variety  of  type.  The  recent 
Bivalves  are  also  superior  in  organisation  to  those  which  have 
preceded  Ihem.  In  the  Palaeozoic  and  earlier  Secondary  de- 
posits the  Bivalves  belong  mainly  to  the  group  of  the  Asiph- 
onidaj  in  which  there  are  no  respiratory  siphons.  In  the  later 
Secondary  and  Tertiary  Rocks,  on  the  other  hand,  there  is  a 
predominance  of  SipJumate  Bivalves,  in  which  the  mantle-lobes 
are  united  and  there  are  respiratory  siphons.  Upon  the  whole, 
the  Lamellibranchiata  are  sparingly  represented  in  the  Lower 
Silurian,  more  abundant  in  the  Upper  Silurian,  reduced  in 
numbers  in  the  Devonian,  very  plentiful  in  the  Carboniferous, 
scanty  in  the  Permian  and  Trias,  profusely  represented  in  the 
Jurassic  Rocks,  and  very  abundant  in  the  Cretaceous  and  Ter- 
tiary periods  (Lobley).  In  the  Carboniferous  Rocks  the  family 
of  the  Avictdidcs  is  especially  abundant  One  very  singular 
and  aberrant  family — ^viz.,  the  Hippuritida — is  exclusively  con- 
fined to  the  Secondary  period,  and  is  not  known  to  occur  out 
of  the  limits  of  the  Cretaceous  formation.  The  yaterida^ 
which  are  perhaps  the  most  highly  organised  of  the  Lamelli- 
branchiata^ appear  for  the  first  time  in  the  Oolitic  Rocks,  and, 
increasing  in  the  Tertiary  period,  have  culminated  in  the 
Recent  period.  The  remains  of  Lamellibranchiata  are  very 
abundant  in  many  formations,  and  are  of  great  palseontological 
importance.  It  will  therefore  be  well  to  review  the  families* 
of  the  class  briefly,  giving  the  leading  characters,  more  impor- 
tant genera,  and  geological  distribution  of  each. 

Section  A.  Asiphonida. 

Fam.  I.  OsTREiDiE. — Shell  inequivalve,  slightly  inequilateral, 
free  or  attached ;  hinge  usually  edentulous.    Ligament  internal. 

•  In  the  following  s3moptical  view  of  the  Lamellibranchiata^  the  classi- 
fication adopted  in  Woodward's  admixable  Manual  of  the  Mollusca  has 
been  mainly  followed.  , 


Lobes  of  the  mantle  entirely  separated;  the  foot  small  and 
byssiferous,  or  wanting.     A  single  adductor  muscle. 

In  the  typical  Oysters,  forming  the  genus  Ostrea  (figs.  169, 


i7o),'the  shell  is  irregular,  and  is  attached  by  the  left  valve, 
which  is  also  convex,  and  has  a  well-marked  beak.  The  upper 
valve  is  generally  flat  or  concave,  and  is  the  smallest  of  the 
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two  valves.  The  hinge  is  toothless.  Both  valves  may  be 
more  or  less  completely  plain,  and  the  upper  one  especially 
often  is  so.  The  lower  valve,  however,  is  commonly  plaited, 
and  both  valves  are  sometimes  thus  ornamented,  as  in  Ostrea 
Marsha  of  \he  Oolites  (fig.  171). 

In  the  sub-genus  Gryphaa  are  included  Oysters  which  were 
either  quite  free  or  very  slightly  attached.  The  left  or  lower 
valve  (fig.  173)  is  much  the  largest,  and  has  a  veiy  pronounced 
incurved  beak,  whilst  the  right  valve  is  small  and  concave.  In 
the  sub-genus  Exogyra,  again,  the  beaks  are  "  revereed  " — that 
is  to  say,  turned  towards  the  posterior  side  of  the  shell.  True 
Oysters  commence  to  be  represented  in  the  Carboniferous 
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seas,  abound  in  the  Secondary  and  Tertiary  periods,  and  are 
very  plentifiil  at  the  present  day.  The  sub-genera  Gryphaa 
and  Exogyra  are  exclusively  Mesozoic,  the  former  abounding 


especially  in  the  lower  portion  of  the  Oolitic  series,  whilst  the 
latter  is  chiefly  characteristic  of  the  later  Oolitic  and  Cretace- 
ous deposits. 

In  the  Anomia  the  shell  is  thin  and  translucent,  and  is  fixed 
to  some  solid  body  by  a  plug  which  passes  through  a  hole  or 


notch  in  the  right  valve.     The  typical  fossil  species  are  dis- 
tributed from  the  Oolites  upwards.     The  Oolitic  genus  Piaat- 
nopsis  is  also  related  to  Anemia. 
The  genus  Pectm  includes  the  Scallops  (fig.  173),  in  which 
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the  shell  rests  upon  the  right  valve,  and  the  beaks  are  furnished 
with  ears.  The  anterior  ears  are  usuaJIy  the  largest  and  most 
prominent,  and  the  shell  is  generally  furnished  with  ribs  radiat- 
ing from  the  umbos.  The  right  vaJve  is  the  deepest,  and  is 
notched  below  the  anterior  ear.  Counting  in  its  sub-genera, 
nearly  five  hundred  species  of  the  genus  Pectm  are  known  in 
the  fossil  state,  commencing  in  the  Devonian  Rocks,  and  ex- 
tending to  the  present  day.  The  Palzeozoic  Pectens  are  dis- 
tinguished from  their  successors  in  more  modern  rocks  by 
having  the  posterior  ears  larger  than  the  anterior;  and  they 
are  therefore  placed  by  M'Coy  in  a  new  genus,  under  the 
name  of  AvictUopedm.  They  are,  however,  usually  regarded  as 
belonging  to  the  Avkulida. 

In  the  genus  Lima  {or  Pla^stomd)  the  shell  is  equivalve  and 
free,  whilst  the  beaks  are  separated  from  one  another  and  are 
eared.  The  genus  is  represented  by  numerous  species  in  the 
rocks  of  the  Secondary  period,  and  has  survived  to  the  present 
day. 

In  Spotidylus  (fig.  1 74)  the  shell  is  inequivalve,  and  is  fixed  by 
the  right  valve  to  some  foreign  body.    The  beaks  are  apart  and 
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eared,  and  the  shell  is  covered  with  spines,  foliaceous  expan- 
sions, or  ribs  radiating  from  the  beak.  The  lower  valve  has  a 
triangular  hinge-area,  and  there  are  two  teeth  in  each  valve. 
The  Spondyli  seem  to  have  commenced  in  the  Cretaceous 
period,  in  which  they  are  very  abundant,  and  they  have  con- 
tinued through  the  Tertiary  period  to  the  present  day. 

Lastly,  the  Plkatula  (fig.  1 75)  approach  the  Spondyli  nearly, 
by  having'an  inequivalve  shell,  which  is  attached  by  the  right 
valve,  and  by  having  two  hinge-teeth  in  each  valve.  The  shell, 
however,  is  rarely  eared,  the  hinge-area  is  obscure,  and  the 
valves  are  not  spmy,  though  they  may  be  plaited.  The  Pliea- 
tuia  extend  from  the  Trias  to  the  present  day,  and  they  abound 
to  such  an  extent  in  parts  of  the  Lower  Greensand  (Cretaceous), 
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as  to  have  given  rise  to  the  name  of  "  Argile  k  Plicatules  "  ap- 
plied to  the  beds  in  question. 


•PUaitUa  fLuunta,  Lower  Gre«DHiuL 


Fam.  2.  AvicuLiD*. — Shell  inequivalve,  very  oblique,  at- 
tached by  a  byssus ;  hinge  nearly  or  quite  edentulous.  Mantle- 
lobes  free;  anteiiot  adductor  small,  leaving  its  impression 
within  the  umbo;  posterior  adductor  large  and  sub-central. 
Foot  small. 

Leaving  out  of  consideration  the  genus  Aviadopecten,  which 
holds  a  dubious  position,  and  has  been  already  spoken  of,  the 
chief  fossil  genera  of  the  Aviculida  are  Avkula,  Poiidonomya, 


Gervillia,  Patia,  Inoceramus,  and  Pinna.    In  the  genus  Avicula 
(fig.  176)  the  shell  is  oblique  and  very  inequivalve.     The  right 
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valve  has  a  notch  under  the  anterior  ear ;  and  the  hinge  has 
one  or  two  cardinal  teeth,- sometimes  with  an  elongated  pos- 
terior tooth.  The  true  Avicula  are  represented  by  very  numer- 
ous fossil  species,  extending  from  the  Lower  Silurian  Rocks  to 
the  present  day.  Of  the  sub-genera  of  Avicula,  the  three  most 
^important  fossil  forms  are  Ambonyckia,  Ptertiim,  and  Cardiola, 
the  place  of  the  last  in  this  family  being  somewhat  doubtful. 
In  tfie  AmbonychuE  (fig,  177)  the  valves  are  gibbous,  nearly 
equal,  and  the  anterior  ear  is  almost  obsolete.  They  extend 
from  the  Lower  Silurian  to  the  Carboniferous.  The  Pterineas 
(fig.  178)  are  very  abundant  in  the  Silurian  Rocks,  especially 
Id  the  upper  division  of  the  series,  and  they  extend  to  the  Car- 


Fig.  ■  78.-A.  Piirii 


boniferous  Rocks.  They  have  a  shell  with  large  ears  and  very 
oblique,  the  hinge-area  being  long  and  straight.  The  Cardiola 
have  an  oblique,  equivalve  shell  (fig.  178,  B),  radiately  ribbed, 
with  prominent  beaks  and  a  short  hinge-area.  They  are  mainly 
characteristic  of  the  Upper  Silurian  Rocks,  but  they  have  been 
stated  to  occur  in  the  l>ower  Silurian,  and  they  are  found  in 
the  Devonian. 

The  shells  of  the  genus  Posidonomya  are  very  thin,  con- 
centrically striated,  equivalve  and  earless.  They  extend  from 
the  Silurian  to  the  Trias,  but  are  especially  characteristic  of 
the  Carboniferous  Rocks,  Many  of  the  smaller  shells  referred 
to  Posidonomya  are  undoubtedly  referable  to  the  Crustacean 
genus  Esther ia. 

The  genus  Gervillia  comprises  a  number  of  fossil  shells, 
which  range  from  the  Carboniferous  Rocks  to  tlie  Chalk,  and 
which  are  very  like  the  true  Avicala.  The  shell  is  elongated, 
the  anterior  ear  small,  and  the  posterior  ear  broad  and  wing- 
like. Nearly  allied  to  Gervillia  is  the  genus  Pema,  which 
commenced  in  the  Trias,  and  is  represented  in  recent  seas. 

Nearly  related  to  both  Gervillia  and  Perna  is  the  genus 
Inoceramus  (figs.  179,  180),  which  is  entirely  confined  to  the 
Secondary  period,  and  is  mainly  characteristic  of  the  Creta- 
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ceous  series.  The  shells  of  this  genus  are  inequivalve,  with 
radiating  ribs  or  concentric  furrows,  and  with  prominent 
beaks.     The  hinge-Une  is  long  and  straight,  with  n 


Some  of  the  Imcerami  attain  a  length  of  two 
or  three  feet,  and  fragments  of  them  are  often  found  perfor- 
ated by  boring  sponges. 

The  last  genus  of  the  Avtcuiida  is  Pinna,  in  which  the  shell 
is  equivalve  and  wedge-shaped,  and  the  beaks  are  placed 
quite  on  the  anterior  side  of  the  shell.  The  Pinnce  seem  to 
have  commenced  in  the  Devonian,  but  their  existence  prior 
to  the  Carboniferous  period  is  a  matter  of  some  uncertainty. 
Many  species  are  known  in  the  Secondary  and  Tertiary 
Rocks,  and  the  genus  is  well  represented  by  living  forms. 
The  sub-genus  Trkhites  is  exclusively  Oolitic,  and  the  shells 
referred  here  sometimes  attained  an  enormous  size. 

Fam.  3.  MvTiLiD,«. — Shell  equivalve;  umbones  anterior; 
hinge  edentulous;  anterior  muscular  impression  small,  pos- 
terior large.  Shell  attached  by  a  byssus.  Mantle-lobes  united 
between  the  siphonal  apertures.  Foot  cylindrical,  grooved,  and 
byssiferous.  The  chief  fossil  genera  of  the  MytUida  are 
Mytilus,  Modiola,  Lithodomus,  Modiohpsis,  and  Orthotiota. 

In  the  genus  Mytilus  are  the  true  Mussels,  in  which  the 
shell  is  wedge-shaped,  and  the  beaks  terminal.  Numerous 
fossil  forms  are  known,  commencing  in  the  Permian.  The 
Modiola,  or  "  Horse-mussels,"  have  the  beaks  anterior,  bbnt, 
not  pointed,  the  hinge   edentulous,   and  the  shell  oblong. 
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More' than  one  hundred  fossil  species  have  been  described, 
commencing  in  the  Lias,  and  extending  to  the  present  day. 
The  Palaeozoic  Mediola  are  probably  referable  to  different  gen- 
era. The  Date-shells  (Lithodomus)  form  a  sub-genus  oiModwla, 
and  are  distinguished  by  their  habit  of  forming  perforations 
in  rocks,  in  which  they  live.  They  appear  to  date  from  the 
Lower  OoHtic  Rocks,  and  are  known  to  paleontologists  by 
both  their  shells  and  their  burrows. 

The  genus  Modiolopsis  (fig.   i8i),  includes  a  number  of 
Silurian  shells,  the  true  place  of  which  is  somewhat  uncertaJD. 


Fig,  iSi, — MBdwi^ni  iruJioiaru.    L<iw«r  SiLui 

The  shell  is  equivalve,  very  inequilateral,  the  beaks  anterior, 
and  the  surface  smooth,  or  marked  by  fine  concentric  lines  of 
growth.  The  shell  is  thin,  and  its  posterior  end  is  consider- 
ably broader  than  the  anterior. 

The  genus  Orihonota  likewise  comprises  a  number  of  Silu- 
rian Bivalves,  and  is  also  in  a  somewhat  doubtful  position. 
The  shell  (fig.  182)  is  elongated, 
equivalve,  very  inequilateral, 
having  the  beaks  placed  close 
to  its  anterior  end.  The  shell 
is  thin,  and  its  margins  are 
parallel. 

Fam.   4.    Arcad^.  —  Shell 

equivalve ;    hinge    long,    with 

many  comb-like  teeth  ;    muscu- 

''''" '^"'Lt^r^siiu'i™!""""^  1^'   impressions    nearly    equal; 

mantle -lobes  separated;    foot 

large,  bent,  and  deeply  grooved.     The  most  important  fossil 

genera  of  this  family  are  Area,  Cucul/aa,  Pectuncuius,  ItTuatla, 

Ctmoilottta,  Cyrtodonta,  and  Leda. 

The  Arks  {Area)  have  a  straight  hinge-line,  with  remote 
beaks,  separated  from  one  another  by  an  oval  or  lozetige- 
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shaped  ligamenUl  area  (fig.  183).     The  teeth  are  numerous 

and  transverse,  and  the  surface  is  generally  strongly  ribbed. 

Species  of  Area  have  been 

described  from   the   Lower 

Silurian  Rocks  upwards.     It 

is  probable,    however,    that 

the   older  Palseozoic    forms 

referred  here  really  belong 

to   other  genera,  especially 

Ctmodonia  and  Cyrtodonta. 

In  Cucuilaa  the  shell  is 
ventricose,  and  the  hinge- 
teeth  are  few  and  oblique, 
and  at  each  end  of  the  hinge 
become  parallel  with  the 
hinge-line.  Species  of  this  genus  have  been  described  from 
the  Lower  Silurian  upwards. 

The  Pedunadi  have  a  nearly  round  and  equilateral  shell,  the 
beaks  separated  by  a  striated  ligamental  area,  the  hinge-line 
curved,  and  the  hinge-teeth  forming  a  semicircular  row.  Pect- 
unadits  is  a  comparatively  modem  genus,  and  does  not  seem 
to  have  come  into  existence  before  the  Cretaceous  period. 
Numerous  species  are  known  in  the  Tertiary  Rocks. 

The  Nttcula  (fig.  184)  have  a  trigonal  shell,  the  beaks  of 
which  are  reversed,  and  turned  towards  the  posterior  side  of 
the  shell,  which  is  also  the  shortest  side.     The  hinge  has 


numerous  teeth  on  each  side  of  a  cenlral  internal  cartilage-pit. 
The  Palajozoic  shells  referred  to  Nucula  probably  belong  to 
other  genera.  Miny  species,  however,  are  known  from  the 
Secondary  and  Tertiary  Rocks 

The  genera  Ctenodonta  and  Cucuilelia  are  both  nearly  re- 
lated to  one  another  and  to  Nucula,  and  both  are  exclusively 
Palaeozoic,  and  are  mainly,  if  not  entirely,  Silurian.  The 
Ctenodonta  (fig.  185)  are  extremely  like  Nucula,  but  are  dis- 
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tinguished  by  having  an  external  ligament.  The  posterior  side 
of  the  shell  is  generally  the  shortest,  but  the  reverse  is  some- 
times the  case. 

The  shells  of  the  genus  Cyrtodonta  {PaieearM  of  Hall)  are 
very  inequilateral,  the  umbones  being  anterior  (fig.  i86).    The 


hinge-area  is  undefined,  and  the  surface  generally  smooth. 
There  are  a  few  (three)  anterior  cardinal  teeth,  and  "  two  or 
three  remote  oblique  posterior  teeth  parallel  to  the  hinge- 
margin  "  (Salter).  The  species  of  Cyrtodonta  appear  to  be 
exclusively  confined  to  the  Silurian  and  Devonian  Rocks. 

In  the  genus  Z^i/a  the  shell  resembles  that  oil^ueula,  especi- 
ally in  having  numerous  teeth  on  either  side  of  a  central 
cartilage-pit.  The  shell,  however,  is  oblong,  rounded  in  front, 
and  pointed  behind.  The  occurrence  oi  Leda  in  the  PalEeozoic 
period  is  dubious ;  but  numerous  species  are  known  from  the 
Secondary  and  Tertiary  Rocks. 

Fam.  5.  Triconiad-e. — Shell  equivalve,  trigonal ;  hinge-teeth 
few,  diverging ;  umbones  directed  posteriorly.  Mantle  open  ; 
foot  long  and  bent.  The  most  important  genera  of  this  family 
are  jyigonia,  MyopAona,  and  Axinus. 


LAMELLIBRANCHIATA.  229 

In  jyigonia  (fig.  187)  the  shell  is  trigonal,  with  tubercles, 
radiating  ribs,  or  concentric  ridges.  The  hinge-teeth  are 
two  in  one  valve  and  three  in  the  other.    The  Trigonia  are 


4 


essentially  Mesozotc,  being  only  known,  in  the  fossil  con- 
dition, as  extending  from  the  Trias  to  the  Chalk.  They  arc 
not  known  with  certainty  to  be  represented  in  the  Tertiary 
Rocks  at  all;  but  the  Australian  seas  have  yielded  some 
living  forms. 

The  shells  of  the  genus  JifyopAoriahays  the  umbones  direct- 
ed anteriorly,  and  are  in  most  respects  closely  similar  to  Tri- 
gonia.     They  belong  exclusively  to  the  Triassic  period. 

The  genus  Axinus  {ScAizadus)  is  also  nearly  related  to  TVi- 
gonia,  but  the  shell  is  thinner,  and  is  smooth,  and  the  posterior 
side  is  not  so  distinctly  angular,  but  is  marked  by  an  oblique 
ri<^e.  The  shells  of  this  genus  extend  from  the  Upper 
Silurian  to  the  Trias,  but  are  especially  characteristic  of  the 
Permian  Rocks. 

Fam.  6.  Unionid*. — Shell  usually  equivalve,  with  a  large 
external  ligament  Anterior  hinge-teeth  thick  and  striated; 
posterior  laminar  or  want- 
ing. Mantle-lobes  united 
between  the  siphonal  ap- 
ertures. Foot  very  large, 
compressed,  byssiferous  in 
the  fry.  All  the  members 
of  the  Unionida  are  in- 
habitants of  fresh  water, 
and  they  are,  therefore,  not 
known  as  fossils  except  in 
fluviatile  and  lacustrine  de- 
posits. The  only  two  fossil 
genera  of  the  family  are 
Unto  and  Anodon. 

In  the  genus  Unio  (fig. 
188)  the  shell  is  oval  or  elongated,  somewhat  resembling  that 
of  a  mussel  (hence  the  name  of  River-mussels   commonly 
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given  to  the  Unios).  The  species  of  this  genus  appear  to 
commence  in  the  Lower  Cretaceous  Rocks,  and  they  are 
very  abundant  at  the  present  day.  The  beaks  of  fossil  speci- 
mens are  often  deeply  eroded,  as  are  those  of  living  fonns. 

The  Anodons  or  Swan-mussels  closely  resemble  the  Unios, 
but  the  shell  is  edentulous.  The  earliest  fossil  foims  occur  in 
the  Lower  Tertiaries  (Eocene). 


Section  B.  Siphonida. 

Sub-division  I.  Infegropallialia. — Siphons  short,  pallial  line 
simple. 

Fam,  7.  Chamid£. — Shell  inequivalve,  atUched.  Hinge- 
teeth  2-1  (two  in  one  valve  and  one  in  the  other).  Impres- 
sions of  the  adductors  large.  Mantle  closed ;  pedal  and 
siphonal  oritices  small  and  nearly  equal.  Foot  very  small. 
The  most  important  fossil  forms  of  this  family  belong  to  the 
genera  Chama,  Dicerai,  and  Requimia. 

In  the  genus  Chama  the  shell  is  attached  usually  by  the 
beak  of  the  left  valve,  but  sometimes  by  that  of  the  right  The 
upper  valve  is  the  smallest,  and  both  bear  foliaceous  expan- 
sions. The  free  valve  carries  one  tooth  which  articulates  with 
two  teeth  in  the  attached  valve.  The  Chamas  do  not  appear 
as  fossils  till  we  reach  the  Cretaceous  Rocks,  and  they  have 
continued  to  exist  up  to  the  present  day. 

In  the  Temarkable  genus  Diceras  (fig.   189),  the  shell  is 
"sub-equivalve,    attached   by 
^^^^^  either  umbo;  beaks  very  promi- 

^"""40^^  ^^^^k  nent,  spiral,  furrowed  externally 

^^|_,^H^|P^^k         by   ligamental  grooves  ;  hinge 
^^■■^^^^■p^^A       very  thick,  i-i,  promi- 

^^^^^^^^B|nH|  muscular 

^^^^^^^^^^H|^H     bounded  by  long  spiral  ridges, 
^^^^^^^^^^^^^V  obsolete"   (Wood- 

^^^^^^^^^^^^V       ward).     The  species  of  Diceras 
^^^^^^^^^^^^        are  exclusively  confined  to  the 
^^^^0^r  Middle  Oolites.     In   this  for- 

mation in  the  Alps  they  occur 
l^.  .8,.-.D«™|™/™.   Middfc      ijj  ^^^h  abundance  as  to  give 
rise  to  the  name  of  "  Calcaire 
4  Dicerates,"  applied  to  beds  of  the  same  age  as  the  Coral 
Rag  of  Britain. 

The  genus  Requimia  is  exclusively  confined  to  the  Cre- 
taceous period,  and  differs  from  Diceras  chiefly  in  having  a 
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very  inequivalve  shell,  always  attached  by  its  left  valve.  The 
attached  valve  is  the  largest,  and  is  spiral,  whilst  the  free  valve 
is  small  and  sub-spiral. 

Fam.  8.  HippURiTiD/E  (Rudista  of  Lamarck). — "Shell  in- 
equivalve, unsymmetrical,  thick,  attached  by  the  right  umbo  ; 
umbones  frequently  camerated ;  structure  and  sculpturing  of 
the  valves  dissimilar;  ligament  internal;  hinge-teeth  1-2; 
adductor  impressions  two,  large,  those  of  the  left  valve  on 
prominent  apophyses ;  pallial  line  simple,  sub-ma^wal." — 
(Woodward). 

The  HippurUida  are  not  only  entirely  extinct,  but  are  ex- 
clusively confined  to  the  Cretaceous  Rocks,  whence  more  than 
one  hundred  species  have  been  described  All  the  members 
of  this  family  were  attached,  and  lived  in  beds  like  oysters. 
The  two  valves  of  the  shell  are  always  altogether  unlike  in 
sculpturing,  appearance,  shape,  and  size ;  and  the  cast  of  the 
interior  of  the  shell  is  often  extremely  different  to  the  form  of 
the  shell  itself.  About  a  hundred 
species  of  the  family  are  known, 
all  of  which  are  Cretaceous,  oc- 
curring in  Britain,  Southern 
Europe,  the  West  Indies,  North 
America,  Algeria,  and  Egypt. 
Species  of  this  family  occur  in 
such  numbers  in  certain  compact 
marbles  in  the  south  of  Europe, 
of  the  age  of  the  Lower  Chalk, 
as  to  have  given  origin  to  the 
name  of  "  Hippurite  Limestones" 
applied  to  these  strata. 

The    Hippuritida    have    been 
especially  studied  by  Dr  S.   P. 
Woodward,  who   makes   the  fol- 
lowing remarks  upon  their  struc- 
ture and  affinities: — "They  are 
the  most  problematical  of  all  fos- 
sils ;   there   are   no  recent  shells 
which  can  be  supposed  to  belong 
to  the  same  family ;  and  the  con- 
dition in  which  they  usually  occur 
has  involved  them  in  greater  ob-   • 
scanty.      The    characters  which    '^"""*'"™  ""*■ 
determine  their  position  amongst  the  ordinary  Bivalves  are 
the  following : — 

"  r.  The  shell  is  composed  of  two  distinct  layers. 
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"  2.  They  are  essentially  unsymmetrical  and  right-and-left 
valved. 

"  3.  The  sculpturing  of  the  valves  is  dissimilar. 

"  4,  There  is  evidence  of  a  large  internal  ligament 

"  5.  The  hinge-teeth  are  developed  from  the  free  valve. 

"  6.  The  muscular  impressions  are  two  only. 

"  7.  There  is  a  distinct  paUial  line. 

"  The  outer  layer  of  shell  in  the  Hippurite  and  Radiolite 
consists  of  prismatic  cellular  structure ;  the  prisms  are  perpen- 
dicular to  the  sheli-laminee,  and  subdivided  often  minutely. 
The  cells  appear  to  have  been  empty,  like  those  of  Oslrea. 
The  inner  layer  which  forms  the  hinge  and  lines  the  umbones, 

is  sub-nacreous,  and  very  rarely  preserved The 

inner  shell-layer  is  seldom  compact,  its  laminie  are  extremely 
thin,  and  separated  by  intervals  like  the  water-chambers  of 
Sjxmdylus.  ....  The  chief  peculiarity  of  the  Hippuri- 
Ma  is  the  dissimilarity  in  the  structure  of  the  valves,  but  even 
this  is  deprived  of  much  significance  by  its  inconstancy.  The 
free  valve  of  Hippurites  is  perforated  by  radiating  canals, 
which  open  round  its  inner  margin,  and  communicate  with  the 
upper  surface  by  numerous  pores,  as  if  to  supply  the  interior 

with  filtered  water In  the   closely  allied  genus 

RadioUtes  there  is  no  trace  of  such  canals,  nor  in  Caprotina." 

The  shell  of  Hippurites  (fig.  190)  is  inversely  conical  or 
cylindrical,  and  sometimes  attains  a  length  of  a  foot  or  more. 


The  shell  is  attached  by  the  larger  conical  valve,  and  is  closed 
by  a  small  depressed  free  valve,  with  a  central  umba     In 
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RadioHtes  the  shell  is  inversely  conical,  bi-conical,  or  cylin- 
drical, with  dissimilar  valves.  The  upper  valve  is  sometimes 
flat,  sometimes  conical,  and  has  a  central  umbo.  In  Caprina 
{f^^■  191)  the  valves  of  the  shell  are  dissimilar,  the  fixed  valve 
bemg  conical,  whilst  the  free  valve  is  oblique,  or  is  spirally 
rolled.  The  free  valve  is  thick,  and  is  "  perforated  by  one  or 
more  rows  of  flattened  canals,  radiating  from  the  umbo,  and 
opening  all  round  the  margin"  (Woodward).  The  cavity  of 
the  free  valve  is  sometimes  chambered. 

Fam.  9.  Tridacnid*. — Shell  equivalve ;  ligament  external ; 
muscular  impressions  blended,  sub-central.  Animal  attached 
by  a  byssus,  or  free.  Mantle-lobes  extensively  united ;  pedal 
aperture  large;  siphonal  orifices  surrounded  by  a  thickened 
pallial  border.  Foot  finger-like  and  byssiferous.  The  shell  is 
truncated  in  front,  the  surface  ribbed,  and  the  mai^ns  toothed. 
The  family  contains  the  single  genus  Tridacna,  which  is  not 
known  to  have  come  into  existence  before  the  period  of  the 
Miocene  Tertiary. 

Fam.  10.  CardiadjE.— Shell  equivalve,  heart-shaped,  with 
radiating  ribs ;  cardinal  teeth  a  ;  lateral  teeth  1—1  in  each 
valve.  Mantle  open  in  front ;  siphons  usually  very  short ;  foot 
large  and  sickle- shaped.  The  only  two  genera  of  this  family 
are  Cardium  and  Conocardium. 

In  Cardium  are  comprised  the  true  Cockles,  in  which  the 
shell  is  ventricose,  the  beaks  pronounced,  and  placed  nearly  in 
the  centre  of  the  dorsal  mat^in  (fig.  192),  the  margins  crenated, 


and  the  pallial  Ime  more  or  less  indented.  It  is  doubtfiil  it 
any  true  Cardium  has  been  detected  in  the  Silurian  Rocks. 
With  the  Devonian  honever,  the  genus  begins  to  be  well  re- 
presented, and  It  has  contmued  up  to  the  present  day,  attaining 
Its  maximum  in  existmg  seas  The  species  figured  above  is 
separated  from  the  true  Cockles  by  having  the  posterior  slope 
of  the  shell  radiately  striated,  whilst  the  sides  are  concentri- 
cally furrowed 
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The  genus  Conocardium  comprises  a  number  of  Paheozoic 
shells,  in  which  the  anterior  side  is  conical  smd  gaping;  whilst 
the  posterior  margin  is  truncated,  and  there  is  a  longer  or 
shorter  siphonal  tube  placed  near  the  beaks. 

Fam.  1 1.  LuciNiDiG. — Shell  orbicular,  free ;  cardinal  teeth  i 
or  2;  lateral  teeth  1-1,  or  obsolete.  Mantle -lobes  open 
below,  with  one  or  two  siphonal  orifices  behind;  foot  elon- 
gated, cylindrical,  or  strap-shaped.  The  most  imporUnt  fossil 
genera  of  the  Lucinidce  are  Ludna  and  Corbis.  Nearly  two 
hundred  species  of  the  former  have  been  described,  commenc- 
ing with  the  Devonian ;  and  about  eighty  species  of  the  former 
are  known,  commencing  with  the  Lias. 

Fam.  12.  Cycladid*. — Shell  sub-orbicular,  dosed;  hinge 
with  cardinal  and  lateral  teeth ;  ligament  external.  Mantle 
Open  in  front ;  a  single  siphon,  or  two  more  or  less  united. 
Fool  large,  tongue-shaped.  The  genera  Cydas  and  Cyrena 
compose  this  family,  and  both  are  inhabitants  of  fresh  water; 
though  the  latter  not  uncommonly  frequents  brackish  water, 
and  one  species  of  the  former  has  been  described  as  marine. 

In  the  Cycladts  the  shell  is  thin,  and  there  are  two  hinge- 
teeth  in  one  valve  and  one  in 

^^^^  V^\       '^^^  axyas.     In  Cydas  itself 

^^^^^^  ^m   ^\\     the  shell  is  nearly  equilateral, 

^^^^H^  /la  \     but   in    the  sub-genus   Pisi- 

^^^^^^^       i^Sm  ,       dium,  it  is  inequilateral,  with 

^^^^^^V       '^IH        /'/     the  anterior  side  the  longest 

^^^r  ^^^^      ^"  Cyrena  (fig.  193)  the  shell 

_,        _- ,         . is  thick,  and  there  are  three 

hmge -teeth  in  each  valve. 
Both  Cydas  and  Cyrena  seem  to  have  come  into  existence  at 
the  commencement  of  the  Cretaceous  period  (Wealden),  and 
they  are  abundantly  distributed  through  the  Tertiary  Rocks. 

Fam.  13.  CVPRiNiD.^. — Shell  equivalve,  closed;  ligament 
external ;  cardinal  teeth  1-3  in  each  valve,  and  usually  a 
posterior  tooth.  Mantle-lobes  united  behind  by  a  curtain 
pierced  with  two  siphonal  orifices.  Foot  thick  and  tongue- 
shaped.  Of  the  genera  of  the  Cyprinida,  the  more  important 
fossil  forms  belong  to  Cyprina,  Astarte,  Crassatdla,  fsocardia, 
Cardita,  and  the  extinct  M^alodon,  Anthracosia,  Hippopodtum, 
and  Pathyrisma.  Taken  as  a  whole,  the  Cyprinida  have  passed 
their  acme,  and  have  begun  to  decline  in  numbers  and  im- 
portance. 

Cyprina  has  a  large,  strong,  oval  shell,  covered  with  a  tliick 
epidermis.  Numerous  fossil  species  are  known,  commencmg 
in  the  Trias. 
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Aitarte  includes  thick,  generally  concentrically -furrowed 
shells.  Two  hundred  fossil  species  are  known,  commencing 
in  the  Lias. 

Crassatella  (^.  194)  comprises  thick,  solid,  ventricose 
shells,  attenuated  posteriorly,  and  generally  having  a  concen- 


trically-furrowed surface.  Unlike  the  two  preceding  genera, 
Crassatella  has  the  ligament  internal.  The  genus  commences 
in  the  Cretaceous  Rocks,  is  abundant  in  the  Tertiaries,  and  is 
well  represented  at  the  present  day. 

In  the  Heart-cockles  {Isocardia)  the  beaks  are  remote  and 
sub-spiral,  and  the  shell  is  heart-shaped.  The  Isocardia  do 
not  appear  to  have  existed  in  the  Palasozoic  period,  but  com- 
mence in  the  Trias,  are  tolerably  abundant  in  the  Oolites  and 
Cretaceous  Rocks,  decline  in  numbers  in  the  Tertiaries,  and 
are  represented  by  a  few  forms  in  existing  seas. 

Cardiia  ^fig.  195)  includes  Cockle-shaped  shells,  which 
have   radiatmg  ribs,   an   external    ligament,    and   a    toothed 


Fi|.  i^i.— Cardiia /laniaiila.    £( 


mai^n.  The  genus  commences  in  the  Trias,  but  attains  its 
maximum  in  the  Tertiary  period,  about  a  hundred  species 
having  been  enumerated  &om  rocks  of  this  age. 
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Allied  to  Cardita  is  the  extinct  genus  Hippopodium^  well 
known  by  the  thick  and  solid  H,  ponderosum  of  the  Lias. 

Pachyrisma  is  another  extinct  genus,  in  which  the  shell  is 
also  veiy  thick  and  ponderous  in  its  structure.  It  has  large 
sub-spiral  umbones,  and  is  peculiar  to  the  Great  Oolite. 

MegcUodon  is  likewise  extinct,  and  includes  massive  shells, 
with  sub-spiral  beaks^  and  an  external  ligament.  The  genus 
is  doubtfully  represented  in  the  Silurian  and  Carboniferous 
Rocks,  and  is  characteristically  Devonian. 

Lastly  may  be  mentioned  the  shells  which  are  known  as 
Anthracosix^  which  abound  in  parts  of  the  Carboniferous 
series.  These  are  nearly  allied  to  the  extinct  genus  Cardiniay 
if  they  do  not  actually  belong  to  it.  They  are  exclusively 
Palaeozoic,  and  extend  from  the  Upper  Silurian  to  the 
Carboniferous;  whereas  Cardinia  is  very  doubtfully  repre- 
sented in  rocks  older  than  the  Lias. 

Sub-division  JL  Sinupallialia, — Respiratory  siphons  large; 
pallial  line  indented. 

Fam.  14.  VENERiDiE. — Shell  regular,  sub-orbicular  or  oblong; 
ligament  external ;  hinge  with  usually  three  diverging  teeth  in 
each  valve.  Animal  usually  free  and  locomotive ;  mantle  with 
a  rather  large  anterior  opening ;  siphons  unequal,  more  or  less 
united.  Foot  tongue-shaped,  compressed,  sometimes  grooved 
and  byssiferous.  The  Venerida  are  the  most  highly  organised 
of  the  Bivalves,  and  comprise  some  of  the  most  beautiful 
examples  of  the  class.  They  commence  in  the  Oolitic  Rocks, 
are  abundant  in  the  Tertiaries,  and  have  attained  their  maxi- 
mum at  the  present  day.  All  the  more  important  fossil  forms 
belong  to  the  nearly-allied  genera  Venus  and  Cytherea,  Both 
of  these  commenced  their  existence  in  the  Oolites,  the  former 
being  represented  by  about  one  hundred  and  fifty,  the  latter 
by  nearly  a  hundred  extinct  forms. 

Fam.  15.  MACTRiDiE. — Shell  equivalve,  trigonal ;  hinge  with 
two  diverging  cardinal  teeth,  and  usually  with  anterior  and  pos- 
terior lateral  teeth.  Mantle  more  or  less  open  in  front ;  siphons 
united,  with  fringed  orifices ;  foot  compressed.  The  only  two 
genera  of  any  importance  as  fossils  are  Madra  and  Lutraria, 
both  of  which  live  buried  in  sand  or  mud.  The  Mactra  have 
a  nearly  equilateral  shell,  with  a  short  pallial  sinus,  and  an 
internal  ligament  contained  in  a  triangular  pit.  They  appear  to 
have  commenced  in  the  Lias,  and  have  attained  their  maximum 
at  the  present  day.  In  Lutraria  the  shell  is  oblong  and  gaping 
at  both  ends,  the  pallial  sinus  is  deep,  and  the  internal  ligament 
is  supported  by  a  prominent  cartilage-plate.  The  genus  is  not 
known  in  rocks  earlier  than  the  Miocene  Tertiary. 
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Fam.  16.  Tellinid^,— Shell  free,  usually  equivalve  and 
closed;  cardinal  teeth  two  at  most,  laterals  i-i,  sometimes 
wanting.  Ligament  on  the  shortest  side  of  the  shell,  some- 
times internal.  Mantle  widely  open  in  front.  Siphons  long 
and  slender ;  foot  tongue-shaped,  compressed.  Pallial  sinus 
very  large.  The  chief  fossil  genera  are  Tettina,  Psammobia, 
and  Donax.  In  Tellina  the  shell  is  very  slightly  inequivalvc 
(fig,  196)  with  a  prominent  external  ligament.  More  than 
a  hundred  fossil  species 
are  known,  dating  from 
the  Oolitic  period ;  but 
the  genus  has  attained  its 
maximum  at  the  present 
day.  In  Psammobia  the 
shell  is  oblong,  compres- 
sed, and  slightly  gaping  at  ^''%-  **-~^"l^^^^'  "**"  "'"■ 
both  ends ;  whilst  in  Donax 

the  shell  is  wedge-shaped,  the  front  rounded  and  produced, 
the  posterior  side  short.  Both  genera  commence  in  the 
Eocene  Tertiary,  and  are  represented  by  numerous  species  at 
the  present  day. 

Fam.  17.  S0LENID.E. — Shell  elongated,  gaping  at  both 
ends ;  ligament  external ;  hinge-teeth  usually  2-3.  Siphons 
short  and  united  {in  the  long-shelled  genera),  or  longer  and 


partly  separate  (in  the  genera  with  shorter  shells).  Foot 
very  large  and  powerful.  Gills  prolonged  into  the  bran- 
chial siphon.  This  family  is  of  small  geological  importance. 
The  Razor-shells  {Solm)  are  represented  by  a  few  Tertiary 
forms,  commencing  in  the  Eocene;  and  the  genera  Cul- 
teilus  and  Soleatrtus  commence  their  existence  in  the  Creta- 
ceous Rocks. 

Fam.    18.  Myacid^.— Shell  gaping  posteriorly.       Mantle 
almost  entirely  closed ;  siphons  united,  partly  or  wholly  retrac- 
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tile.     Foot  very  small.     The  more  important  genera  ot.this 
family  are  Mya,  Corbula,  Thdis,  Panopaa,  and  SaxUava. 

In  the  Gapers  (Mya),  the  shell  is  ohlong,  inequivalve,  and 
gaping  at  both  ends.  The  left  valve  is  the  smallest,  and 
it  carries  an  internal  ligament  supported  upon  a  prominent 
cartilage-process  (fig.  198).  The  Myas  live  buried  verti- 
cally in  sand  or  mud.  They  are  not  known  to  have  existed 
before  the  period  of  the  Middle  Tertiary  (Miocene),  and 
almost  all  the  fossil  species  are  in  existence  at  the  present 
day. 

In  Corbula  the  shell  is  inequivalve,  the  left  valve  the 
smallest,  and  with  a  prominent  cartilage-process  ;  but  the  shell 
is  gibbous,  and  docs  not  gape  at  its  ends,  whilst  the  pallial 
sinus  is  small.  Numerous  fossil  species  are  known,  commenc- 
ing in  the  Lower  Oolites, 

The  genus  Thetis  is  a  small  one,  including  thin,  tra.nslucent, 
sub-orbicular  shells,  with  an  ex- 
"  temal  ligament,     A  few  species 

of  the  genus  are  known,  com- 
mencing with  the  Lower  Cre- 
taceous Rocks. 

Panopxa  resembles  Mya  in 
having  a  thick  oblong  shell, 
gaping  at  each  end;  but  the 
shell  is  equivalve,  and  the  liga- 
ment is  external.  Very  numerous  fossil  species  of  this  genus 
are  known,  commencing  in  the  Lower  Oolites. 

Saxicava,  as  its  name  implies, 
includes  shells  which  form  bur- 
rows in  rocks.  The  adult  shell 
(fig.  199)  is  edentulous,  equi- 
valve, and  oblong,  gaping  at  the 
ends,  and  furnished  with  an  ex- 
temalligament.  Thegenusseems 
to  commence  in  the  Eocene 
Tertiary,  and  has  continued  to 
the  present  day. 

Fam.  19.  Anatintd^.  —  Shell 
often  inequivalve,  with  an  external 
ligament.  Mantle-lobes  more  or 
less  united.  Siphons  long,  more 
or  less  united.  Foot  small.  The 
more  abundant  and  important 
fossil  genera  of  this  family  are 
Anatina,  PJioladomya,  and  Myadtts. 


M,«™,     left 


nrridge  tlay  (Upper  Oolil 
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In  the  Lantern-shells  {Anaiina)  the  shell  is  oblong,  gaping 
posteriorly,  and  having  the  beaks  directed  towards  the  posterior 
side  (fig.  200).  The  hinge  of  each  valve  carries  a  spoon- 
shaped  cartilage-process.  The 
Anatirta  are  doubtfully  repre- 
sented in  the  Devonian,  and 
still  more  dubiously  in  the 
Silurian  Rocks.  They  occur, 
however,  abundantly  in  the 
Secondary  Rocks,  and  are 
present  in  smaller  numbers  in 
the  Tertiaries, 

The  genus  Pholadomya  in- 
cludes a  large  number  of  shells,  which  are  cquivalve,  ob- 
long, and  gaping  posteriorly  (fig.  aoi).  The  shell  is  thin, 
ventricose,  and  adorned  with  radiating  ribs  on  the  sides. 
The  ligament  is  external,  and  there  is  a  large  pallial  sinus. 
The  species  of  Pholadomya  are  very  numerous  in  the  Secondary 
Rocks,  where  they  attain  their  maximum.  They  are  much 
reduced  in  number  in  the  Tertiaries,  and  are  barely  repre- 
sented at  the  present  day. 

The  genus  Myadtes  has  a  gaping  ventricose  shell,  with  the 
umbones  directed  anteriorly,  and  the  ligament  external.  They 
are  known  in  the  PaUeozoic  period,  commencing  in  the  Silu- 
rian ;  and  they  are  represented  in  the  earlier  portion  of  the 
Secondary  period;  but  they  seem  to  have  died  out  in  the 
Chalk. 

Fam.  20.  Gastroch«nid,«;. — Shell  equivalve,  gaping,  with 
thin  edentulous  valves,  sometimes  cemented  to  a  calcareous 
tube.  Man  tie- margins  thick  in  front,  united,  with  a  small 
pedal  aperture.  Siphons  very  long,  united.  Foot  finger- 
shaped.  The  members  of  the  Gastrochsnida  burrow  in  mud 
or  stone,  and  the  only  two  fossil  genera  are  Gastrochana  and 
Clavageiia,  the  existence  of  Aspa-gillum  in  a  fossil  state  beii^ 
doubtful. 

In  Gastroclutna  the  shell  is  wedge-shaped,  gaping  in  front 
and  closed  behind.  The  fossil  species  commence  in  the  In- 
ferior Oolite,  and  the  genus  is  represented  at  the  present  day. 
In  Clavagella  (fig.  zot)  the  shell  is  oblong,  one  of  the  valves 
being  free,  whilst  the  other  forms  part  of  a  more  or  less  elon- 
gated calcareous  tube,  which  is  often  divided  by  a  longitudinal 
partition  and  terminates  in  tubular  openings.  The  fossil 
Clavagella  commence  in  the  Upper  Greensand,  and  the  genus 
is  represented  by  several  living  species. 

Fam.  31.  Pholadid^. — Shell  gaping  at  both  ends,  without 
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hinge  or  ligament,  often  with  accessory  valves.     Animal  club- 
,  shaped  or  worm-like,  with  a 

■  I  1      I  short  truncated  foot    Mantle 

■  I  A  closed  in  front ;  siphohs  long, 
Aa^               /    j\         united  to  near  their  extremi- 

^^^^  /.   r\       ties. 

^^Kv^K       /     I      ™  In  the  genus   PAv/as  the 

^^|Rv.  w      .'    J  II    \\v|     shell   is   cylindrical   or   oval, 

^^^^H  i' I' ■     l^\ki      'i '  'l     '^^  valves  are  edentulous,  and 

^^KBwMm     '  .  Jgy  ' ' ' '  /     there  is  no  ligament  or  a  rudi- 

^^^K^jtm      \        ,V'    J     mentary   one.       The    pallial 

^^^^^PV  \/       sinus   is  very  deep,  and  the 

^^^^^^^  J         dorsal  margin  of  the  shell  is 

r«.  «^-ci«v^.iia  cria.».  a«[k.      Protected  by  accessory  valves. 

The  Pmades  mhabit  burrows 

which  they  form  for  themselves  in  clay,  peat,  or  rock.     Many 

fossil  species  of  the  genus  are  known,  commencing  in  the 

Jurassic  Rocks. 

In  the  genus  Teredo  the  shell  is  "  globular,  open  in  front 
and  behind,  lodged  at  the  inner  extremity  of  a  burrow  partly 
or  entirely  lined  by  shell ;  valves  three-lobed,  concentrically 
Striated,  and  with  one  transverse  furrow ;  hinge-margins  re- 
flected in  front,  marked  by  the  anterior  muscular  impressions  : 
umbonal  cavity  with  a  long  curved  muscular  process."--— (Wood- 
ward.) Species  of  Teredo  occasionally  reach  a  very  large  size, 
and  they  are  known  in  the  fossil  state  both  by  their  shells  and 
by  their  burrows  in  wood.  The  genus  seems  to  have  com- 
menced in  the  Lias,  and  is  well  represented  at  the  present 
day. 


CHAPTER    XXI. 

GASTEROPODA. 

The  Gasteropods  are  Molluscs  in  which  the  body  is  furnished 
with  a  distinct  head,  and  the  mouth  is  provided  with  a  mastica- 
tory apparatus  or  "  lingual  ribbon."  LiMomotion  is  effected  by 
means  of  a  broad,  horizontally-flatlened,  ventral  disc— the  "foot " 
— or  by  a  verticaily  flattened,  fin-like  modification  of  the  same. 
The  body  is  never  included  in  a  bivalve  shell;  and  may  be  naked. 
Usually,  hffioei'er,  there  is  a  "  univalve  "  shell,  or  in  some  cases  a 
"  multivalve"  shell.  i 

This  class  includes  all  those  Molluscous  animals  which  are 
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commonly  known  a^  "  Univalves,"  such  as  Land-snails,  Sea- 
snails,  Whelks,  Limpets,  &c  In  the  Chitons,  however,  the 
shell  is  composed  of  eight  pieces  ("  multivalve  ")  ;  and  in  the 
Slugs,  the  shell  is  minute  and  is  completely  concealed  in  the 
mantle ;  whilst  in  the  Sea-slugs  and  Sea-lemons  the  animal  is 
"naked,"  and  is  destitute  of  a  shell. 

In  their  habits  the  Gasteropods  show  great  differences, 
most  of  them  being  free  and  locomotive,  though  some  are 
sedentary.  The  typical  forms  move  about  more  or  less 
actively  by  the  successive  contractions  and  expansions  of  a 
muscular  organ  developed  upon  the  ventral  surface  of  the  body 
and  known  as  the  "  foot."  In  many  cases  the  posterior  por- 
tion of  the  foot  secretes  a  calcareous,  homy,  or  fibrous  plate, 


which  is  called  the  "  operculum  "  (fig.  203, 0),  and  which  serves 
to  close  the  aperture  of  the  shell  when  the  animal  is  retracted 
within  it  Lastly,  in  one  aberrant  group  of  the  Gasteropods 
{Heteropodt^  the  animal  is  fitted  for  swimming  in  the  open 
ocean,  by  the  conversion  of  the  "  foot "  into  a  vertically- 
flattened  fin. 

The  respiralpry  process  in  the  Gasteropods  differs  consider- 
ably in  different  cases ;  and  the  class  may  be  divided  into  two 
principal  sections,  according  as  the  animal  is  fitted  for  breath- 
ing air  directly  or  through  the  medium  of  water.  The  air- 
breathing  Gasteropods  are  known  as  the  Pulmoiiata  or  Pid- 
momfera,  and  comprise  forms  which  either  live  on  land  (Snails, 
Slugs,  &c.),  or  which  inhabit  fresh  water  (Pond-snails,  &c) 
The  water-breathing  Gasteropods  are  mostly  provided  with 
distinct  gills  or  "  branchia;,"  and  they  form  the  section  of  the 
Branchifera.  They  are  mostly  inhabitants  of  the  sea;  but 
some  of  them  inhabit  fresh  water. 
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SheB  of  the  Gasteropoda. — The  shell  of  the  Gasteropods  is 
composed  either  of  a  single  piece  (univalve),  or  of  a  number 
of  plates  succeeding  one  another  from  before  backwards  (mul- 
tivalve).  The  uniralve  shell  is  to  be  regarded  as  essentially  a 
cone,  the  apex  of  which  is  more  or  less  oblique.  In  the 
simplest  form  of  the  shell  the  conical  shape  is  retained  without 
any  alteration,  as  is  seen  in  the  common  Limpet  {Paidla).  In 
the  great  majority  of  cases,  however,  the  cone  is  considerably 
elongated,  so  as  to  form  a  tube,  which  may  retain  this  shape 
(as  in  Dentalium),  but  is  usually  coiled  up  into  a  spiral.  The 
"  spiral  univalve  "  (fig.  205)  may,  in  fact,  be  looked  upon  as  the 
typical  form  of  the  shell  in  the  Gasteropoda.  In  some  cases 
the  coils  of  the  shell — termed  technically  the  "  whorls  " — are 
liardly  in  contact  with  one  another  (as  in  Vermetus).  More 
commonly  the  whorls  are  in  contact,  and  are  so  amalgamated 
that  the  inner  side  of  each  convolution  is  formed  by  the  pre- 
existing whorl.  In  some  cases  the  whorls  of  the  shell  are 
coiled  round  a  central  axis  in  the  same  plane,  when  the  shell 
is  said  to  be  "  discoidal  "  (as  in  the  common  fresh-water  shell 
Planorbis).  In  most  cases,  however,  the  whorls  are  wound 
round  an  axis  in  an  oblique  manner,  a  true  spiral  being  formed, 
and  the  shell  becoming  "turreted,"  "  trochoid,"  "  turbinated," 
&c     This  last  form  (fig.  204)  is  the  one  which  may  be  looked 


Fig.  x>^,—Cianx  caiKrlliila,  a  S|nral  Gutenpod  [d 
Old  of  Ihc  ihcll :  h  "  Moulh,"  placed  u  Ihe  inienor  end  oi  inc 
mcltar  lip ;  d  Oulcr  lip  \  t  Uolcb  for  the  puu^  oT  a  Teipintor 

upon  as  most  characteristic  of  the  Gasteropods,  the  shell  being 
composed  of  a  number  of  whorls  passing  obliquely  round  a 
central  axis  or  "  columella,"  having  the  embryonic  shell  or 
"  nucleus  "  at  its  apex,  and  having  the  moulh  or  "  aperture " 
of  the  shell  placed  at  the  extremity  of  the  last  and  largest  of 
the  whorls,  termed  the  "  body-whorl."  The  lines  or  grooves 
formed  by  the  junction  of  the  whorls  are  termed  the  "  sutures,"^ 
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and  the  whorls  above  the  body-whorl  constitute  the  "  spire " 
of  the  shell.  The  axis  of  the  shell  (columella)  round  which 
the  whorls  are  coiled  is  usually  solid,  when  the  shell  is  said  to 
be  "imperforate;"  but  it  is  sometimes  hollow,  when  the  shell  is 
said  to  be  "  perforated,"  and  the  aperture  of  the  axis  near  the 
mouth  of  the  shell  is  called  the  "  umbilicus."  The  margin  of 
the  "aperture"  of  the  shell  is  termed  the  "peristome,"  and  is 
cotnposed  of  an  outer  and  inner  lip  (fig,  204),  of  which  the 
former  is  often  expanded  or  firinged  with  spines.  When  these 
expansions  or  fringes  are  periodically  formed,  the  place  of  the 
mouth  of  the  shell  at  different  stages  of  its  growth  is  marked 
by  ridges  or  rows  of  spines,  which  cross  the  whorls,  and  are 
called  "varices."  The  animal  withdraws  into  its  shell  by  a 
retractor  muscle,  which  passes  into  the  foot,  or  is  attached  to 
the  operculum ;  its  scar  or  impression  being  placed,  in  the 
spiral  univalves,  upon  the  columella. 


In  the  multivalve  Gasteropods,  the  shell  is  composed  of 

eight  transverse  imbricated  plates,  which  succeed  one  another 

from  before  backwards,  and  are  embedded  in  the  leathery  or 

fibrous  border  of  the  mantle,  which  may  be  plain,  or  may  be 

■  beset  with  bristles,  spines,  or  scales. 

In  the  marine  Univalves  two  important  variations  exist  in 
file  form  of  the  mouth  of  the  shell-    In  one  group  (Gg.  205) 
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the  mouth  of  the  shell  is  unbroken  or  "  entire,"  not  having 
any  notch  or  indentation  of  its  margin.  The  shells  in  whi(£ 
the  mouth  has  this  form  are  termed  "  holostomatous ; "  and 
for  the  most  part  they  belong  to  Gasteropods  which  are  phyto- 
phagous, or  live  upon  vegetable  food.  The  possession,  how- 
ever, of  a  holostomatous  shell  in  reality  simply  proves  that  the 
animal  had  no  respiratory  "  siphons/'  or  tubes  formed  by  the 
folding  of  the  mantle.  In  a  second  group  the  aperture  of  the 
shell  (fig.  206)  is  notched  in  front ;  and  ^e  shell  is  said  to  be 
"  siphonostomatous."  There  may  be  a  posterior  notch  as 
well  as  the  anterior  one,  and  one  or  both  of  these  notches  may 
be  produced  into  longer  or  shorter  canals.  The  Siphonosto- 
matous  Univalves  are  mainly  carnivorous  in  their  habits ;  but 
the  notched  mouth  does  not  necessarily  indicate  the  nature  of 
the  food.  The  possession  of  a  Siphonostomatous  shell,  on  the 
contrary,  merely  indicates  that  the  animal  possessed  tubular 
inflections  of  the  mantle,  or  "  respiratory  siphons,'*  by  which 
the  water  is  conveyed  to  and  from  the  gills. 

Divisions  of  the  Gasteropoda, — The  following  table  shows 
the  chief  divisions  of  the  Gasteropoda : — 

• 

Table  of  the  Gasteropoda. 

Section  A.  Branchifera. — Respiration  aquatic,  by  the  walls  of  the 
mantle-cavity  or  by  gills. 

Order  I.  Prosobranchiata. — ^The  branchiae  situated  {ptvson) 
in  advance  of  the  heart. 

Division  a.  Siphonostomata. — Margin  of  the  shdl-aperture 
notched  or  produced  into  a  canal.  This  division  comprises  the 
families  of  the  Strombida  (Wing-shells),  Muricida,  BuccinieUe 
(Whelks),  Conida  (Cones),  Voiutida  (Volutes),  and  Cypraida 
(Cowries). 

Division  b,  Holostomata. — Margin  of  the  shell-aperture  "en- 
tire,"  rarely  notched  or  produced  into  a  caned.  This  division 
includes  the  families  of  the  Naticida,  Pyramidellidce,  Cerithiada, 
Melaniadce,  Turritellidat  IMtorinida  (Periwinkles),  PcUudinidce 
(River-snails),  Neritida,  Turbinida  (Top-shells),  Haliotida,  Fis^ 
surdlidce  (Keyhole-limpets),  Calyptretidce  (Bonnet-limpets),  Paid" 
lida  (Limpets),  Dentalidce  (Tooth-shells),  and  Chitontdce. 
Order  II.  Opisthobranchiata. — Branchiae  placed  towards  the 
rear  {ppisthen)  of  the  body. 

Division  a,  Tectibranchiata. — Branchia  covered  by  the  shell  or 
mantle,  A  shdl  in  most  Sexes  united.  The  division  includes  the 
families  of  the  Tomatdlida,  Bullida  (Bubble-shells),  Aplystada 
(Sea-hares),  Pleurobranchiada,  and  Phyllidiada, 

Division  b.  Nudibranchiata. — Aninial  destitute  of  a  shell  in  the 
adult  condition.    Branchia  external,  on  the  back  or  sides  of  the 
body.     This  division  includes  the  various  naked  Gasteropods 
commonly  known  as  Sea-lemons  and  Sea-slugs. 
Order  III.  Nucleobranchiata,  or  Heteropoda. — Shell  pre- 
sent or  absent.    Animal  free-swimming  and  oceanic,  with  a  fin-like 
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tail  or  flattened  ventral  fin.    This  order  includes  the  two  families  of 
the  Firolida  and  Atlantida, 

Section  B.  Pulmonifera. — Respiration  aerial,  by  means  of  a  pul- 
monary chamber. 

Order  IV.  Inoperculata. — Shell  not  provided  with  an  oper- 
culum.  This  order  comprises  the  families  of  the  Helicida  (Land- 
snails),  Limacida  (Slugs),  OncidiadcB^  Umnaida  (Pond -snails),  and 
Auriculida, 

Order  V.  Operculata. — Shell  provided  with  an  operculum.  In 
this  order  are  the  families  Cychstomida  and  Aciculida. 

Distribution  of  the  Gasteropoda  in  time. — As  regards  the 
general  distribution  of  the  Gasteropods  in  past  time,  all  the 
families  of  the  Prosobranchiata  are  known  by  fossil  representa- 
tives. Of  the  Opisthobranchiata  the  Tectibranchiate  section 
is  tolerably  well  represented  in  past  time ;  but  the  section  of 
the  Nudibranchiata^  from  the  total  absence  of  the  shell,  is  not 
known  at  all  in  the  fossil  condition.  Both  families  of  the 
Heteropoda  are  represented  by  fossil  forms.  The  Pulmonate 
Gasteropods,  from  the  fact  that  they  either  live  on  land  or 
inhabit  fresh  water,  are  necessarily  not  so  fully  represented  in 
past  time  as  are  the  Branchiate  Gasteropods.  Still,  nearly 
all  the  families  of  the  air-breathing  Univalves  have  fossil 
representatives. 

Taken  as  a  whole,  the  Gasteropoda  are  represented  in  past 
time  from  the  Upper  Cambrian  Rocks  upwards.  Of  the 
Branchi/era,  the  Holostomata  are  more  abundant  in  the  Palaeo- 
zoic period ;  and  the  Siphonostomata  predominate  more  in  the 
Secondary  and  Tertiary  periods,  attaining  their  maximum  at 
the  present  day.  The  place  of  the  carnivorous  Siphonostomata 
in  the  Palaeozoic  seas  appears  to  have  been  filled  by  the 
Tetrabranchiate  Cephalopods.  The  Branchiate  Gasteropods 
of  fresh  water  are  chiefly  represented  as  fossils  by  the  genera 
Paludina,  Vahtata^  and  Ampuliaria. 

The  Heteropoda  are  likewise  of  very  ancient  origin,  having 
commenced  their  existence  in  the  Upper  Cambrian  deposits. 
The  genera  Belkrophon^  Porcettia^  Cyrtolites^  and  Madurea^ 
are  exclusively  Palaeozoic;  Bellerophina  is  found  in  the 
Gault  (Secondary),  and  Carinaria  has  been  detected  in  the 
Tertiaries. 

The  Pulmonate  Gasteropoda^  as  was  to  be  anticipated,  are 
not  found  abundantly  as  fossils,  occurring  chiefly  in  lacustrine 
and  estuarine  deposits,  in  which  the  genera  Limncea^  Physa^ 
Ancyius^  &c.,  are  amongst  those  most  commonly  represented. 
These,  however,  are  entirely  Mesozoic  and  Kainozoic.  In 
the  Palaeozoic  period  the  sole  known  representatives  of  the 
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Pulmonifera  are  the  Pupa  vOuila  and  Zonites  pristus  of  the 
Carboniferous  Rocks. 

In  the  following*  are  given  the  characters  of  those  families 
of  the  Gasteropoda  vhich  occur  in  the  fossil  state,  with  the 
leading  genera  of  each  family  and  theii  range  in  time. 

Section  A.  Branchifera. — Respiration  aquatic,  generally 
by  gills. 

Order  I.  Prosobranchiata. — GUIs  situalai  in  advance  of 
the  heart. 

Division  a.  Siphonosto/nata. — Mouth  of  the  shell  notched,  or 
produced  into  a  caned. 

Ykvl.  1.  Strombid-b. — Shell  with  an  expanded  lip,  deeply 
notched  near  the  canal.  Operculum  claw-shaped.  Foot  nar- 
row, adapted  for  leaping.  All  the  existing  genera,  of  the 
Strombidtx  are  represented  in  the  fossil  state,  but  the  family 
does  not  seem  to  have  come  into  existence  before  the  Jurassic 
period,  and  it  attained  its  maximum  in  the  Tertiaiy  period. 


The  genus  Strombus  has  a  shell  with  a  short  spire,  a  long 
aperture,  and  an  expanded  outer  lip,  there  being  a  posterior  as 
well  as  an  anterior  notch.     The  Strombs  are  represented  in 

*  Tn  the  characters  of  the  (unilies  of  the  Gasteropoda,  as  in  those  of  the 
Zasu^iMtrRT^AiAi,  Woodward's  '  Maniul  of  the  MdloscA '  has  been  nuuiily 
followed. 
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the  Cretaceous  and  Tertiaiy  Rocks;   but  tbe^  attain  their 
maidinum  in  existing  seas. 

The  Scorpion-shells  form  the  genus  Pteroceras  (fig.  207),  in 
which  the  shell  of  the  adult  has  its  outer  lip  furnished  with 
long  claws,  one  of  which  fonns  a  posterior  canal  close  to  the 
spire.  Many  fossil  species  are  known,  commencing  in  the 
Lias. 

In  the  genus  Rostdlaria,  the  spire  is  long,  and  has  the 
posterior  canal  running  up  it.  Many  fossil  species  are  known, 
commencing  in  the  Cretaceous  Rocks.  The  outer  lip  is 
always  expanded,  and  in  some  forms  is  enormously  so. 
Lastly,  the  genus  Seraphs  comprises  smooth  shells,  with  3 
short  or  obsolete  spire,  a  thin  outer  lip,  and  a  long  narrow 
mouth.     The  fossil  species  date  from  the  Eocene  Tertiary. 

Fam.  2.  MuRiciD-€. — Shell  with  a  straight  anterior  canal, 
the  aperture  entire  posteriorly.  Foot  broad.  The  Muridda 
are  essentially  characteristic  of  the  Tertiary  and  Recent 
periods.  They  commence,  however,  in  the  Jurassic  Rocks,  in 
some  doubtful  examples,  and  they  are  certainly  represented 
in  the  Cretaceous  Rocks  by  not  a  few  forms. 

In  the  genus  Murex  the  canal  is  often  veiy  long,  and  may 
be  partially  closed ;  the  shell  is  ornamented  with  longitudinal 
ridges  or  rows  of  spines  {varitxs),  and  the  aperture  is  rounded. 

In  the  nearly-related  Typhis  (fig.  208)  there  are  tubular 
spines  between  the  varices,  and  the  last  of  these  lodges  the 
posterior  siphon.  Both 
Murex  and  Typhis  com- 
mence in  the  Eocene  Ter- 
tiajy,  and  have  attained 
their  maximum  in  existing 
seas. 

Pisania  commences  to 
be  represented  in  the 
Eocene,  as  do  the  genera 
Randla,  Triton,  and  Can- 
tdlaria.     Fasciolaria    and 

Pyrula    commence    their      ^.  ^    ,       ..,      „        .^    . 

eidaence  in  the  Cre-  "«— -W-^V^.  e«.-t™«,. 
taceous  Rocks ;  and  Turbimlla  and  Tyithetropis  do  not  make 
their  appearance  till  the  Miocene.  Lastly,  the  great  genus 
Fusus,  distinguished  by  the  spindle-shaped,  many-whorled 
shell,  and  long  straight  canal  (fig.  209),  appears  to  have  its 
commencement  in  the  Oolites.  Piisi  become  very  numerous 
towards  the  close  of  the  Cretaceous  period,  and  they  are 
very  plentiful  in  the  Tertiaries.     One  of  the  common  fossils 
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of  the  Red  Crag  (Newer  Pliocene)  is  the  reversed  shell, 
Muus  confrarius,  which  is  now  known  to  exist  in  the  living 
state  as  well. 


Fam,  3. 1{ucciNrD.K. — Shell  notched  anteriorly,  or  with  the 
canal  reflected,  producing  a  kind  of  varix  on  the  front  of  the 
shell.  With  the  exception  of  the  extinct  genus  Purpurina  of 
the  Lower  Oolites,  and  some  species  of  Buccinvm  in  the  Cre- 
taceous Rocks,  the  family  of  the  Bucdnidx  is  exclusively  con- 
fined to  the  Tertiary  and  Recent  periods.  The  two  great 
famiUes,  therefore,  of  the  Muricidx  and  Buccinidm  are  essen- 
tially characteristic  of  the  later  periods  of  the  earth's  history. 
The  most  important  fossil  genera  of  the  Butcinida  are  Buc- 
cinum,  Terdira,  Nassa,  Purpura,  Cassis,  and  Oliva. 

The  Whelks  form  the  genus  Btudnum  (fig.  aio),  dis- 
tinguished by  the  vcntricose  body-whori,  large  aperture,  and 
short  reflected  canal  Some  few  species  of  Bumnum  are 
found  in  the  Upper  Cretaceous  Rocks;  but  the  genus  is 
essentially  Tertiary  and  Recent. 

Terebra  comprises  the  Auger-shells,  distinguished  from  the 
Whelks  by  their  long,  pointed  shells,  consisting  of  many  whorls, 
and  having  a  small  mouth.  They  commence  in  the  Eocene 
Tertiary.  The  Dog-whelks  {Nassa)  also  commence  in  the 
Eocene,  and  are  distinguished  from  the  Whelks  chiefly  by 
having  the  columellar  lip  expanded  and  callous,  with  a  tooth 
near  the  anterior  canal.    The  shells  of  the  genus  Purpura 
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have  a  short  spire  and  wide  aperture,  with  an  expanded  and 
flattened  inner  lip.  They  commence  in  the  Miocene  Tertiary. 
The  Helmet-shells  (Cassis)  begin  in  the  Eocene,  and  are  dis- 
tinguished by  their  short  spire,  large  body-whorl,  long  aperture, 
recurved  canal,  and  expanded  inner  lip.  Lastly,  the  Olives 
(Olha)  and  Rice-shella  {OUvella)  are  characterised  by  their 
cyHndrical  polished  shell,  with  a  short  spire,  a  long  narrow 
aperture,  notched  in  front,  and  obliquely-striated  columella. 
The  living  Olives  are  tropical  and  sub-tropical  in  their  dis- 
tribution, and  the  fossil  species  conmience  in  the  Eocene 
Tertiary. 

Fam.  4.  CoNiD*. — Shell  inversely  conical,  with  a  long  nar- 
row aperture,  the  outer  lip  notched  at  or  near  the  suture.  The 
Conida  commence  in  the  Cretaceous  Rocks,  abound  in  the 
Tertiaries,  and  attain  their  maximum  at  the  present  day. 

The  true  Cones  form  the  genus  Conus,  and  are  distinguished 
by  their  short  spire  and  regularly  conical 
shell,  of  which  the  outer  lip  is  notched 
near  the  suture.  The  Cones  are  repre- 
sented in  the  Chalk,  but  are  mainly  Ter- 
tiary and  Recent.  The  genus  Plairoloma 
is  distinguished  by  a  spindle-shaped  shell, 
with  a  long  spire,  the  outer  lip  having 
a  deep  slit  near  the  suture.  'Hie  genus 
commences  in  the  Chalk,  and  has  an 
enormous  development  in  the  Tertiaries, 
from  which  nearly  three  hundred  species 
are  known.  The  maximum,  however,  is 
attained  in  existing  seas,  in  which  there 
are  very  numerous  species. 

Fam.  5.  VoLUTiD^:. — Shell  turreted  or 
convolute,  the  aperture  notched  in  front ; 
the  Qolumella  obliquely  plaited.  No 
operculum.  Foot  very  large  ;  mantle 
often  reflected  over  the  shell.  The  living 
members  of  the  Volutidte  are  chiefly  in- 
habitants of  warm  seas,  and  are  often 
remarkable  for  their  brilliant  colours. 
The  family  does  not  appear  to  have  ex- 
isted till  towards  the  later  portion  of  the 
Cretaceous  period;  but  it  is  abundantly 
represented  in  the  Tertiaries,  and  attains 
its  maximum  in  existing  seas.  The  most  fi^,  „^—y^ut«  tintaia. 
important  genera  are  Valuta  and  Miira.  C'*"^ 

The  true  Volutes  form  the  genus  Valuta  (fig.  an),  charac- 
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tensed  by  the  short  spire,  large,  deeply-notched  aperture,  and 
columella  with  several  plkits.  Species  of  Valuta  occur  in  the 
Cretaceous  period,  but  the  genus  is  mainly  Tertiaiy  and  Recent 
In  the  genus  Mitra  the  shell  is  spindle- 
shaped,  with  a  long  spire,  and  small 
mouth.  The  Mitra  commence  in  the 
Cretaceous  period,  but  the  fossil  species 
are  mainly  distributed  through  the  Tei- 
tiaiy  formations. 

Fam.  6.  CvpiL«iD«. —  Shell  convo- 
lute, enamelled;  spire  concealed;  aper- 
ture narrow,  channelled  at  each  end. 
Outer  lip  thin  in  the  young  shell,  but 
thickened  and  inflected  in  the  adult 
Foot  broad ;  mantle  fonning  lobes  which 
Fig.111.— Cj'>n»fiVr^>u.  meet  over  the  back  of  the  shell.  The 
Eocene  Tcniiry.  ^^jj,  important  gcnus  of  this  family  is 
that  of  Cypraa  (fig.  213),  comprising  the  numerous  and  well- 
known  living  shells  which  are  commonly  called  Cowries.  The 
Cypraa  are  mainly,  but  not  exclusively,  inhabitants  of  wann 
seas,  and  they  attain  their  highest  development  between  the 
tropics.  The  fossil  species  date  from  the  Cretaceous  period, 
and  abound  in  the  Tettiaries. 

The  shell  of  the  Cowries  in  the  young  state  is  furnished 
with  a  prominent  spire,  and  has  a  thin  outer  lip.  In  the 
adult  state  (fig.  212)  the  spire  is  completely  concealed  within 
the  shell,  the  entire  surface  is  generally  covered  with  shining 
enamel,  the  inner  lip  is  crenulated,  and  the  outer  lip  is  thick- 
ened, inflected,  and  crenulated.  The  small  Cowries  of  which 
Cypraa  Europma  is  the  type,  are  not  known  as  occurring  in  the 
fossil  condition. 

Division  b.Holostomata. — Margin  o/tAe  shell-aperture  "entire" 
rarely  notclud  or  produeed  into  a  eanal. 

Fam.  7.  NaticiDjE. — Shell  globular,  of  few  whorls,  with  a 
small  spire ;  outer  lip  acute ;  inner  lip  (pillar)  often  callous. 
Foot  very  large  ;  mantle-lobes  hiding  more  or  less  of  the  shell. 
This  family  Is  stated  to  commence  in  the  Upper  Silurian 
Rocks ;  but  there  is  more  or  less  uncertainty  as  to  the  true 
affinities  of  the  Palaeozoic  fossils  which  are  referred  here. 
The  most  important  fossil  genus  is  Natica  itself. 

The  shell  in  N(aiai  (fig.  213)  is  thick,  smooth,  and  polished, 
often  with  coloured  markings.  The  inner  lip  is  callous,  and 
the  shell  is  umbilicated.  Fossil  Natica  have  been  described 
from  the  Upper  Silurian,  Devonian,  Carboniferous,  and  Per- 
mian Kocks;  and  they  aie  very  abundant  in  all  the  Secondary 
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and  Tertiary  formations.  The  subgenus  Natkopsts  is  Carbo- 
niferous, NaiUeUa  is  Triassic,  and  Globulus  is  found  in  the 
Eocene. 

Fam.  8.  PyRAMiDELLiDiC — Shell  turreted,  with  a  small 
aperture;  sometimes  with  one  or  more  prominent  pUits  on  the 
columella.  Operculum  homy  and  imbricated.  The  Pyrami- 
ddlidm  commence  in  the  Lower  Silurian  Rocks,  and  appear  to 
be  on  the  decline  at  the  present  day.  The  chief  fossil  forms 
belong  to  the  genera  Channitiia,  Eulima,  Loxonema,  and 
Maa-ocheilus. 

Chemttitzia  includes  a  number  of  slender,  turreted,  many- 
whorled  shells,  with  plaited  whorls,  and  a  simple  aperture.  The 
genus  appears  to  commence  in  the  Permian  Rocks,  and  whilst 
more  than  one  hundred  and  hfty  fossil  species  are  known,  the 
number  of  living  forms  is  very  smalL  Many  of  the  shells,  how- 
ever, included  under  this  head,  are  of  veiy  doubtful  affinities. 


Eulima  includes  small,  polished,  elongated  shells,  with  level 
whorls  and  a  reflected  inner  lip,  Eulima  are  of  doubtful  oc- 
currence in  the  Carboniferous  Rocks,  are  sparingly  represented 
in  the  Secondary  Rocks,  but  are  tolerably  abundant  in  the 
Tertiaries. 

The  genera  Loxonema  and  Macrochetlui  (iig.  214),  lastly, 
include  Palaeozoic  shells,  whose  true  place  is  in  many  cases 
uncertain.  The  former  extends  from  the  Lower  Silurian  to 
the  Trias,  but  the  latter  is  mainly,  if  not  exclusively,  confined 
to  the  Devonian  and  Carboniferous  Rocks. 
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Fah.  9.  Cerithiaqa.— Shell  spiral,  toireted ;  aperture 
channelled  in  front,  wiih  a  less  distinct  posterior  canal.  Lap 
generally  expanded  in  the  adult  Operculum  homy  and 
spiral.  The  Cerithiada  are  exclusively  confined  to  the  Second- 
ary, Tertiary,  and  Recent  periods,  and  are  represented  in  the 
Tertiary  Rocks  by  a  vast  number  of  forms.  The  most  import- 
ant fossil  forms  belong  to  the  genera  Cerithium,  Polamides, 
Nerinaa,  and  Aporrkais,  of  which  Nerinaa  is  extinct,  and  is 
exclusively  confined  to  Uie  Secondary  period. 

For  all  practical  purposes  Ceritkium  and  PotamUUs  may  be 
considered  together,  as  no 
strict  line  of  demarcation 
can  be  drawn  between  the 
fossil  forms.  In  both,  the 
shell  is  turreted  and  many- 
whorled  (fig.  215),  with  or 
without  varices. 

The  aperture  of  the  shell 
is  small,  with  a  tortuous  an- 
terior canal,  and  an  ex- 
panded outer  lip.  Most  of 
the  living  forms  are  inhabi- 
tants of  fresh  or  brackish 
waters,  and  they  are  chiefly 
found  in  hot  climates.  The 
fossil  forms,  to  the  number 
"'"  ""■■"-'■  of   nearly    five    hundred, 

commence  in  the  Trias,  but  they  attain  their  maximum  of 
development  in  the  Eocene  Tertiary. 

In  the  genus  Nermaa  (fig.  zi6),  the  shell  is  turreted,  many- 
whorled,  and  nearly  cylindrical.  The  columella  carries  con- 
tinuous ridges,  and  similar  ridges  exist  on  the  interior  of  the 
whorls,  so  that  casts  of  the  interior  of  the  shell  are  ofien  very 
unlike  the  form  of  the  exterior.  The  aperture  of  the  shell  is 
channelled  in  front  The  species  of  Nerinaa  are  exclusively 
Jurassic  and  Cretaceous,  and  are  very  numerous.  One  of  the 
limestones  of  the  jura,  believed  to  be  of  the  age  of  the  Coral 
Rag  (Middle  Oolite)  of  Britain,  abounds  to  such  an  extent 
in  these  shells  as  to  have  gained  the  name  of  "  Catcaire  i 
N^rin^es." 

In  the  genus  Aporrkais,  lastly,  the  shell  is  turreted,  and  the 
outer  lip  of  the  adult  is  greatly  expanded  and  lobed.  The 
species  of  this  genus  are  marine  in  their  habits.  A  great  many 
Jurassic  and  Cretaceous  shells,  generally  referred  at  present  to 
Rostellaria,  probably  belong  really  to  Aporrfiais ;  but  the  de- 
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termination  of  these  fossils  by  the  shells  alone  is  attended  with 
great  difficulties. 

Fam.  10.  MELANiADiE. — Shell  spiral,  turreted;  aperture 
often  channelled  or  notched  in  front ;  outer  lip  acute.  Oper- 
culum homy  and  spiral.  Many  fossil  shells  have  been  referred 
to  the  Mdaniada^  but  it  is  probable  that  most  of  these  belong 
to  the  Palaeozoic  genus  Loxonema  and  the  Mesozoic  Ch^m- 
nitzia.  The  true  Melania  do  not  appear  to  have  commenced 
their  existence  till  the  Eocene  Tertiary.  All  the  living  species 
inhabit  fresh  water,  generally  in  the  warmer  parts  of  the  world ; 
and  it  is  probable  that  all  the  fossil  species  occur  only  in  fluvia- 
tile  and  lacustrine  deposits. 

Fam.  II.  TuRRiTELLiDiE. — Shell  tubular  or  spiral,  often 
turreted;  upper  part  partitioned  ofif;  aperture  simple.  Oper- 
culum homy,  many-whorled.  Foot  very  short  Branchial 
plume  single.  The  Turritdlida  are  not  known  to  have  existed 
in  the  Palaeozoic  period ;  but  they  appear  to  commence  about 
the  middle  of  the  Jurassic  period,  abounding  in  the  Tertiaries, 
and  attaining  their  maximum  in  existing  seas.  The  chief 
fossil  genera  are  Turritella,  Vermetus,  and  Scalaria, 

In  Turritdla  (fig.  217)  the  shell  is  turreted.  many-whorled, 
and  spirally  striated;  the  aperture  is 
small  and  rounded,  and  the  peristome 
thin.  Species  of  Turritella  have  been 
described  from  the  Palaeozoic  and  older 
Mesozoic  formations,  but  almost  cer- 
tainly belong  to  the  genera  Murchisonia 
and  Loxonema,  The  genus  is  for  the 
first  time  represented  with  certainty  in 
the  Lower  Cretaceous  Rocks  (Neo- 
comian),  and  many  fossil  species  are 
found  in  the  Tertiaries. 

The  genus  Vermetus  comprises  tubu- 
lar shells,  the  chief  interest  of  which     „.  ^     .  „ 

.,  ,  ti  !_•   1.    ^-L  Fiz.  217. — Tumtella  angu- 

is  the  Strong  resemblance  which  they  uta.  Ncocomian. 

show  to  the  Annelidous  genus  Serpula, 

The  shell  is  attached,  and  though  regularly  spiral  when  young, 
is  always  irregular  in  its  growth  when  adult.  The  fossil  species 
are  best  distinguished  from  Serpula  by  the  fact  that  the  tube 
is  repeatedly  partitioned  off  by  calcareous  septa,  as  the  animal 
grows.  It  is,  however,  often  a  matter  of  extreme  difficulty  to 
determine  whether  a  given  specimen  be  a  Vermetus  or  a  Ser- 
pula. Fossil  Vermeti  are  known  from  the  Lower  Cretaceous 
upwards. 

The  genus  Scalaria  comprises  the  Wentle-traps,  in  which 
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die  shell  is  very  like  that  of  Turritdla,  but  the  whoHs  are 
ornamented  with  transverse  ribs,  and  the  peristome  is  continu- 
ous round  the  circular  aperture  (fig.  205).  The  Scaiaria  com- 
mence in  the  Middle  Oolites  (Coral  Rag),  and  attain  their 
maximum  in  existing  seas. 

Fam.  12.  LiTTORiNiD*. — Shell  spiral,  top-shaped,  or  de- 
pressed; aperture  rounded  and  entire,  operculum  horny 
and  pauci-spiral.  The  exact  range  of  the  Littorinida  in 
time  is  uncertain,  owing  to  the  difficulty  of  determining  the 
true  affinities  of  many  fossil  Univalves.  Several  Pal;eozoic 
and  Mesozoic  shells  have  been  referred  to  Littorina,  and 
the  genus  Rissea  commences  in  the  Permian.  The  family, 
however,  is  mainly  characteristic  of  the  Tertiary  and  Recent 
periods. 

In  the  genus  LUiorina  are  the  true  Periwinkles,  distinguished 
by  their  thick,  generally  top-shaped  and  pointed  shells,  of  few 
whorls,  and  with  an  imperforate  columella.  The  undoubted 
fossil  species  range  from  the  Middle  Tertiaries  to  the  present 
day. 

In  the  genus  Solarium  (fig.  zi8}  the  shell  is  much  depressed; 
there  is  a  laige  and  deep  umbilicus, 
running  from  the  base  to  the  apex 
of  the  shell,  and  the  aperture  of  the 
shell  is  rhombic.  Doubtful  Second- 
ary forms  of  this  genus  are  known ; 
but  the  undoubted  species  com- 
mence in  the  Eocene  Tertiary.  "Oie 
genus  Pherus  also  comprises  shells, 
the  true  range  of  which  is  very  un- 
certain. Undoubted  species,  how- 
-■tCf^-  .  ever,    date    from     the     Cretaceous 

""^     --iift*-  period.     Lastly,  in  the  genus  Rissoa 

the  shell  is  very  small,  pointed,  and 
many-whorled,  with  a  smalt   round 
B.-s^B  urn  iirmaiHm     ^P^^'"'^  surToundcd  by  a  continuous 
'£a"ii  (Uppct'oTuccous).'''     peristome.     Many  fossil  species  are 
known,  commencing  in  the  Permian 
Rocks,  abounding  in  the  Oolites,  and  being  very  abundant  in 
the  later  Tertiaries. 

Fam.  13.  Paludinid*. — Shell  conical  or  globular;  aper- 
ture rounded  and  entire;  operculum  homy  or  shelly.  The 
Paludinidx  are  essentially  inhabitants  of  fresh  water ;  though 
they  sometimes  live  in  brackish,  or  even  in  salt  water.  As  a 
matter  of  course,  therefore,  they  are  chiefly,  if  not  exclusively, 
found  as  fossils  in  deposits  which  are  believed  to  be  fluviatile 
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or  lacustrine  in  their  origiD.  The  three  chief  or  only  living 
genera  are,  Paludina,  Va/vata,  and  Ampullaria.  The  two 
former  date  from  the  Cretaceous  period,  the  first  possibly 
from  the  Jurassic,  and  both  abound  in  the  Wealden  and  in 
many  Tertiary  deposits.  The  existence  of  AmpuUariix  in  a 
fossil  state  is  attended  with  considerable  uncertainty,  chiefly 
from  the  great  difficulty,  or  impossibility,  of  separating  them 
from  species  of  the  marine  genus  NafUa. 

Fam.  14,  Neritid^ — Shell  thick,  globular,  with  a  very 
small  spire ;  aperture  semi-lunate,  its  columellar  side  expanded ; 
outer  lip  acute.  Operculum  shelly,  sub-spiral.  The  Neritida 
are  not  known  as  occurring  in  the  Palfeozoic  Rocks,  but  are 
found  from  the  Jurassic  period  onwards,  attaining  their  maxi- 
mum at  the  present  day. 

In  the  genus  Neriia  (fig.  219)  the  shell  is  thick,  with  a  broad 
columella,  the  inner  edge  of  which  is  straight  and  toothed. 


t  Tig.  319.— Nirila  SclumidiUUiHa.    Eocum  Teniuy. 

The  outer  lip  is  thickened  and  often  denticulated  internally. 
The  true  Nerites  are  inhabitants  of  warm  seas ;  and  they  date 
in  past  time  from  the  Lias.  The  nearly-allied  genus  Neritina 
includes  the  so-called  "fresh-water  Nerites,"  which  agree  in 
most  characters  with  Nerita,  but  inhabit  fresh  or  brackish 
waters.  The  fossil  species  commence  in  the  Eocene  Tertiary. 
Lasdy,  the  genus  PiUolm  comprises  small  limpet-shaped  shells, 
with  a  semi-lunar  aperture  below.  The  only  fossil  species  are 
from  the  Lower  Oolites  (Great  Oolite). 

Fam.  15.  TuRBiNiD*. — Shell  turbinated  (top-shaped)  or 
pyramidal,  nacreous  {i.e.  pearly)  inside.  Operculum  homy  and 
multi-spiral,  or  calcareous  and  pauci-spiral.  The  family  of  the 
Turbinida  has  a  veiy  high  antiquity,  dating  from  the  Lower 
Silurian;  but  many  of  the  older  shells  referred  to  this  family 
are  of  more  or  less  doubtful  affinities.  The  most  important 
fossil  genera  are  Turbo,  Trochui,  and  Euomphalus. 

In  the  genus  Turbo\^%.  220)  the  shell  is  turbinated,  with  a 
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round  base.    The  whorls  are  convex ;  the  aperture  is  lai^e  and 

rounded ;  and  the  operculum  is  calcareous.  A  great  number 
of  fossil  species  of  this  genus  have  been 
described,  commencing  in  the  Lower 
Silurian ;  but  there  is  considerable 
doubt  as  to  the  true  position  of  many 
of  the  older  forms. 

In  the  genus  TracAui  the  shell  is 
pyramidal,  with  a  nearly  flat  base  ;  the 
aperture  is  oblique  and  rhombic  in 
shape,  and  the  operculum  is  homy.  A 
great  number  of  species  of  this  genus, 
also,  have  been  described,  commenc- 
ing in  the  Silurian  Rocks.  As  in  the 
case  of  Turbo,  however,  the  aflinilies 

of  many  of  the  older  forms  are  very  problematical. 
The  genus  Euompfialus  {fig.  211)  is  entirely  extinct,  and  is 

essentially  FalEeozoic,  ranging  from  the  Silurian  to  the  Trias, 


'icw ;  b  View  of  ihs  umbilicw. 


but  being  most  abundant  in  the  Carboniferous  Rocks.  The 
shell  in  this  genus  is  depressed  or  discoidal,  the  whorls  lying 
nearly  or  quite  in  the  same  plane.  The  whoris  are  angulated 
or  coronated,  the  aperture  is  polygonal,  the  umbilicus  is  very 
large,  and  there  is  a  shelly  operculum.  The  genus  Ophileta  is 
closely  allied  to  Euompkalus,  if  not  identical  with  it. 

Fam.  16.  Haliotid.*;. — Shell  spiral,  ear-shaped,  or  trochoid; 
aperture  large,  nacreous.  Outer  lip  notched  or  perforated. 
No  operculum.  Mantle-margin  with  a  posterior  fold  or  siphon, 
occupying  the  slit  or  perforation  in  the  shell. 

The  living  genera  HcUietU  and  Scissurella  are  not  known  in 
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rocks  older  than  the  Miocene  Tertiary.  The  extmct  genera 
Pleurotomaria  and  Murchisonia  are,  on  the  other  hand,  of  great 
antiquity,  the  latter  being  exclusively  Palaeozoic,  and  the 
former  mainly  so. 

The  genus  Haliotis  comprises  the  so-called  "ear-shells," 
distinguished  by  their  ear-shaped  shell,  with  a  minute  spire, 
an  enormous  aperture,  and  a  series  of  round  perforations  in 
the  outer  angle  of  the  shell.  A  few  fossil  species  are  known, 
commencing  in  the  Miocene. 

In  the  genus  Scissurella^  which  also  commences  in  the 
Miocene,  the  shell  is  thin,  with  a  large  and  greatly  expanded 
body-whorl,  and  the  place  of  the  perforations  of  Haliotis  is 
taken  by  a  simple  slit  in  the  margin  of  the  outer  lip. 

The  Kenus  Pleurotomaria  comprises  a  great  number  of 
Palaeozoic  univalves,  which  occur  in  the  Silurian,  Devonian, 
and  Carboniferous  formations.  In  sediments  later  than .  the 
Carboniferous  the  genus  is  largely  represented,  extending  even 
to  the  close  of  the  Mesozoic  period.  In  the  Jurassic  period 
especially  the  genus  has  a  great  development,  most  of  the 
forms  being  more  ornate  than  those  from  the  older  rocks. 
In  the  Cretaceous  Rocks  the  genus  finally  dies  out,  with 
the  sole  exception  of  a  single  living  species.  The  form  of 
the  shell  in  Pleurotomaria  (fig.  222)  differs  considerably  in 
different  cases.  Very 
commonly  the  shell  is 
very  similar  to  that  of 
Trochus.  In  other  cases 
it  more  nearlyresembles 
Turbo;  and  sometimes 
it  is  very  much  flatten- 
ed out  and  depressed. 
The  shell  consists  of 
few  whorls,  of  which 
the  last  may  be  discon- 
nected from  the  others, 
and  is  essentially  dis- 
tinguished by  its  sub- 
quadrate  aperture,  with 
a  deeper  or  shallower 
slit  in  the  out6r  lip.  As 
the  shell  grows,  this  slit 
becomes  progressively  filled  up,  forming  a  well-marked  band  on 
the  whorls.  By  this  character  Pleurotomaria  may  generally  be 
distinguished  readily  from  such  shells  as  Trochus  and  Turbo, 

Murchisonia  (fig.  224)  is  another  genus  of  great  importance 
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to  the  student  of  the  older  rocks,  as  it  is  exclusively  confined 
to  the  Palseozoic  period,  ranging  from  the  Lower  Silurian  to 
the  Permian.  The  shell  in  Murchtsonia  closely  resembles 
that  of  Pteuroiomaria,  but  is  usually  more  elongated  and  com- 
posed of  a  greater  number  of  whorls.  The  outer  lip  is  deeply 
notched,  and  the  whorls  have  the  same  band  on  their  exterior 
as  is  present  in  Plairotomaria.  The  aperture  of  the  shell  is 
slightly  channelled  in  front,  and  the  surface  is  often  variously 
sculptured  and  adorned. 

We  may  place  here,  provisionally,  the  Palaeozoic  genus 
Holopm  (fig,  32$),  the  exact  affinities  of  which  are  doubtful. 
The  shell  in  this  genus  is 
spiral,  the  aperture  oval, 
and  the  outer  lip  sinuated 
nearthebase.  The  genus 
has  been  compared  to  the 
violet-snail  {lantfiina)  of 
the  Atlantic,  in  which 
case  its  place  should  be 
here;  but  its  true  posi- 
tion is  altogether  uncer-  ' 
tain.  It  is  exclusively 
^^^^  Silurian  in  its  range ;  and 

La^^  ^^H  ''.'  ^\        it   is   probable   that    the 

V^B^'  ^,1        ,y        genus   Platyceras  should 

■*—--"'  ^    "^        be  united  with  it,  in  which 

case  the  vertical  range 
will  be  extended  at  any 
rate  to  the  Carboniferous. 
Fam.  17.  FissuRELLiD* : — Shell  conical,  patelJiform,  with  a 
notch  in  the  anterior  mai^n,  or  a  perforation  at  the  apex, 
which  is  occupied  by  the  anal  siphon.  Muscular  impression 
horse-shoe  shaped,  open  in  front  The  existence  of  the  FU- 
iureUidm  in  the  Palaeozoic  period  is  open  to  considerable 
doubt;  but  a  good  many  fossil  forms  are  known  from  the 
Secondary  and  Tertiary  Rocks. 

The  genus  Fissurella  comprises  the  so-called  "  Keyhole 
Limpets,"  distinguished  by  having  the  apex  of  the  shell  per- 
forated by  a  larger  or  smaller,  generally  oval  aperture.  Doubt- 
ful examples  of  the  genus  have  been  indicated  as  occurring  in 
the  Devonian  and  Carboniferous ;  but  there  are  a  good  many 
unequivocal  species  in  the  Secondary  and  Tertiary  Rocks.  In 
the  Oolitic  genus  Rimula  the  perforation,  instead  of  being  at 
the  apex  of  the  shell,  is  placed  a  little  above  the  anterior 
margin.     Lastly,  in  Emarginuh  the  anterior  margin  is  fur- 
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nished  with  a  long;itudinal  notch  or  slit.  The  species  of  this 
genus  date  from  the  Trias. 

Fam.  r8.  Calvptiueid*  : — Shell  limpet-shaped,  with  a  more 
or  less  spiral  apex ;  interior  simple,  or  divided  by  a  shelly 
process  to  which  the  adductor  muscles  are  attached.  Exclud- 
ing shells  whose  true  position  is  uncertain,  it  would  appear 
very  questionable  if  any  of  the  Calyptraida  are  found  in  the 
Palaeozoic  Rocks.  They  are  by  no  means  abundant  in  the 
Secondary  formations ;  and  though  more  plentiful  in  the  Ter- 
tiaries,  they  attain  their  maximum  in  existing  seas. 

The  genus  Calyptraa  includes  the  so-called  "Cup-and- 
saucer  limpets,"  in  which  the  interior  has  a  half  misshaped 
process  attached  to  the  apex  of  the  shell,  and  open  in  front 
With  doubtful  exceptions,  the  fossil  species  of  Calyptraa  are 
all  of  Tertiary  age.  In  the  genus  Crepidula  there  is  a  shelly 
partition  covering  the  posterior  half  of  the  interior  of  the  shell 
The  fossil  species  date  from  the  Eocene  Tertiary.  In  the 
genus  Pileopsis  (or  Capulus)  are  included  the  "  Bonnet-lim- 
pets," in  which  the  apex  of  the  shell  is  spirally  recurved.  If 
Platyceras  be  excluded  from  this  genus,  the  species  of  Pilt^iis 
date  from  the  Lias ;  but  the  former  is  Paleozoic. 

Fam.  19,  PatellidjE: — Shell  conical,  with  the  apex  turned 
forwards ;  muscular  impression  horse-shoe  shaped,  open  in 
front.  Foot  as  large  as  the  margin  of  the  mantle.  Respira- 
tory organ  in  the  form  of  one  or  two  branchial  plumes, 
lodged  in  a  cervical  cavity,  or  of  a  series  of  lamellae  sur- 
rounding the  animal  between  the  body  and  the  mantle.  The 
PateUida  commence  to  be  represented  in  the  Lower  Silurian 
Rocks,  and  have  continued  to  the  present  day. 


Fig.  ti6.—»Iilvfli 


The  genera  Patella  (including  the  common  Limpets),  Ac- 
maa,  and  Metoptoma  can  hardly  be  separated  in  practice 
from  one  another.  Patella  and  Aanaa,  at  any  rate,  are 
palaeontotogically  indivisible,  since  the  only  distinctions  be- 
tween tiiem  are  in  the  nature  of  the  respiratory  organs.     In- 
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eluding  these  genera,   therefore,  in  one,  the  range  of  the 
Limpets  is  from  the  Silurian  upwards. 

The  genus  Metoptoma  (fig.  226)  very  closely  resembles 
Patella,  but  the  muscular  scar  consists  of  a  number  of  dis- 
connected cavities.  In  the  lypvcaX  species,  also,  the  anterior 
side,  under  the  apex  of  the  shell,  is  truncated  or  nearly  straight 
Species  of  jWrf^/D/na  are  particularly  abundant  in  the  Lower 
Silurian  series ;  but  they  range  as  far  as  the  Carboniferous. 

F\M.  20.  Dentalid*  : — Shell  tubular,  symmetrical,  curved, 
open  at  both  ends.  Aperture  circular.  Foot  pointed,  with 
s5Tnmetrical  side-lobes.  The  "Tooth-shells"  are  generally 
placed  here,  in  the  vicinity  of  the  Limpets  ;  but  they  are  re- 
ferred by  Huxley  to  the  class  of  the  Pteropoda.  The  family 
comprises  the  single  genus  Denialium,  well  known  by  the 
tubular,  smooth,  or  longitudinally  striated  shell,  open  at  both 
ends.  The  fossil  species  are  liable  to  be  confounded  with  the 
tubes  of  Tubicolar  Annelides,  or  a  reverse  mistake  to  this  may 
be  made.  Several  species  have  been  described  from  the 
Devonian,  and  more  especially  from  the  Carboniferous  Rocks, 
some  of  them  of  large  size  ;  but  more  or  less  doubt  obtains  as 
to  the  true  nature  of  these.  The  Secondary  Rocks  have 
yielded  a  considerable  number  of  species,  and  they  become 
still  more  numerous  in  the  Tertiaries. 

Fam.  21.  Chitonid*  : — Shell  muhivalve,  composed  of  eight 
transverse  plates,  disposed  one  behind  the  other  in  an  imbricat- 
ed manner.  Animal  with  a  broad  creeping  foot;  branchiae 
forming  a  series  of  lamella:  between  the  foot  and  the  mantle, 
round  the  posterior  part  of  the  body.  The  CAifonidce  com- 
prise only  the  single  genus  Chiton,  with  several 
more  or  less  distinct  sub-genera.  The  species  of 
the  family  commence  in  the  Lower  Silurian,  and  are 
rare  as  fossils,  attaining  their  maximum  at  the  pre- 
sent day. 

The  distinctive  peculiarities  of  the  shell  of  the 
Chitons  (fig.  227),  by  which  they  may  always  be 
separated  from  the  Cirripedes,  are  the  following ; — 
1,  The  shell  never  consists  of  more  or  fewer  than 
iMmimike-  cight  picces.  2.  The  valves  of  the  shell  are  al- 
chifimGriffi-  ways  placed  one  behind  the  other  in  a  unilinear 
(AfterSii™)  series.  3.  The  six  middle  plates  of  the  shell  are 
divided,  each,  by  lines  of  sculpturing  into  three  dis- 
tinct areas — a  dorsal  and  two  lateral  areas.  4.  Each  plate 
is  imbedded  in  the  mantle  of  the  animal  by  forward  extensions 
of  its  front  edge,  which  are  termed  the  "apophyses." 
The  Chitons  are  represented  by  fossil  species  in  the  Silurian, 
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Devonian,  Caiboniferous,  and  Pemiian  Rocks,  and  are  not  so 
excessively  rare  in  the  Carboniferous  Limestone.  They  are 
very  poorly  represented  in  the  Secondary  Rocks,  and  are  by 
no  means  abundant  in  the  Tertiaries. 

Order  II.  Opisthobranchiata  : — GUIs  placed  towards  the 
rear  of  the  body. 

Fam.  a  2.  ToRNATELLiD^ : — Shell  external,  spiral  or  con- 
voluted ;  aperture  long  and  narrow ;  columella  plaited.  The 
Tomatellidx  are  mainly  Mesozoic,  ranging  from  the  Trias  or 
from  the  base  of  the  Jurassic  series  to  the  Chalk  inclusive, 
and  attaining  their  maximum  in  the  Cretaceous  series. 
Several  genera  are  entirely 
extinct,  of  which  the  most  im- 
portant is  Cinulia  {fig.  328). 
In  this  genus  the  shell  is 
globular,  with  a  small  spire, 
the  outer  lip  reflected  and 
crenulated  interiorly,  and  the 
columella  with  tooth  -  like 
folds.  All  the  species  are 
Cretaceous.  In  the  genus  i^.^iti^f  cltlv."""" 
Tomatella,  the  shell  is  ovate, 

with  a  weli-markcd  spire,  the  outer  lip  thin,  and  the  colu- 
mella with  a  strong  fold.  The  fossil  species  range  from  the 
Trias  upwards,  and  the  genus,  though  on  the  decline,  is  re- 
presented by  several  living  species.  Many  of  the  Secondary 
species  belong  to  more  or  less  distinct  sub-genera  {Cylindrites, 
Acteo»ella,  and  Acttonina). 

Fam.  23.  BuLLiD*; : — Shell  convoluted,  thin  ;  spire  small  or 
concealed ;  lip  sharp.     Animal  often  more 
or   less   completely  investing    the    shell. 
The  Bullida  commence  their  existence  in 
the  Jurassic  period,  and  have  continued 
to  the  present  day.     The  only  important 
genus  is  Bulla,  comprising  the  so-called     -n^^miAWoSSa. 
"Bubble-shells"  (fig.  229).     The  species    ■'"'"'"■ 
of  this  genus  are  not  uncommon  in  the  fossil  condition,  com- 
mencing in  the  Oolites. 

Fam.  24.  Aplysiad*  ; — Shell  absent  or  rudimentary,  con- 
cealed by  the  mantle  when  present  Animal  slug-tike ;  sides 
extensively  lobed  and  reflected  over  the  back  and  shell.  One 
or  two  shells  from  the  younger  Tertiary  rocks  have  been  re- 
ferred, with  great  doubt,  to  the  genus  Aplysia. 

Fam.  25.  Pleurobranchida:: — Shell  limpet-like  or  con- 
cealed, rarely  wanting.     Mantle  or  shell  covering  the  back  of 
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the  animal.  Two  doubtful  species  belonging  to  the  genus 
Umbrdla  have  been  described  from  the  Ternaries ;  but  the 
family  is  otherwise  unknown  in  the  fossil  condition. 


CHAPTER    XXII. 

GASTEROPODA—Conimmd. 

Heteropoda  and  Pulmonifera. 

Order  III.  Heteropoda  or  Nucleobranchiata  : — The 
Gasteropods  of  this  order  differ  from  the  typical  members  of 
the  class  in  being  organised  to  lead  an  existence  in  the  open 
ocean,  locomotion  bang  effected  by  a  fin-liJte  tail,  or  by  a  fan- 
shaped  verticalfy'fiattened  ventral  Jin.  They  are  found  swim- 
ming at  or  near  the  surface  of  the  ocean ;  and  the  body  may  be 
completely  protected  by  a  shell,  within  which  the  animal  can 
retire,  and  which  can  be  closed  by  an  operculum.  In  other 
cases,  as  in  Carinaria  (fig.  230),  the  body  is  large,  and  there  is 


Fl(.  i]e.— Hctoropoda. 


only  a  small  shell  protecting  the  gills  and  heart.  In  other 
cases,  again,  the  shell  is  completely  wanting.  The  order  is 
divided  into  the  two  families  of  the  Firolida  and  Atlantidce. 
The  former  of  these  is  represented  by  a  single  species  only, 
from  the  Miocene  Tertiary.  The  latter  had  a  great  develop- 
ment in  Paljeozoic  seas,  and  is  represented  in  the  formations 
of  this  period  by  several  remarkable  genera. 

Fam.   I.  FiROLiDit: — Body  lai^e,  never  completely  pro- 
tected by  a  shell,  often  shell-less.    Sometimes  a  small  delicate 
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hyaline  shell,  placed  on  the  back,  protecting  the  gills.  The 
only  genus  of  this  family  which  is  represented  in  a  fossil  state 
is  Carmaria  (fig.  230),  a  single  species  of  which  has  been  found 
in  deposits  of  Tertiary  age  (Miocene). 

Fam.  2.  Atlantid*  : — Animal  furnished  with  a  well-de- 
veloped shell,  into  which  it  can  retire.  Shell  symmetrical, 
discoidal,  destitute  of  septa,  often  provided  with  an  operculum. 
This  family  is  represented  by  the  genera  BtUerophon,  Madurea, 
CyrtoHtes,  Eccuiiomp/ialus,  and  PoraUia,  most  of  which  are 
exclusively  Paleozoic,  whilst  the  others  are  mainly  so. 

In  the  genus  Bella-opium  (fig.  231)  the  shell  is  symmetrical, 
convoluted,  the  coils  of  the  shell  usually  lying  in  one  plane. 


Ttg.  vii.~Bfllmflatt  A  re>  (BiJJingi).    a  ¥t 


The  whorls  are  few,  smooth  or  sculptured,  and  there  is  a 
dorsal  keel  along  the  convex  margin  of  the  shell.  The  aper- 
ture is  often  more  or  less  expanded,  and  is  in  most  instances 
emarginate  or  deeply  notched  on  the  dorsal  side.  The  genus 
ranges  from  the  Lower  Silurian  to  the  Carboniferous.  The  ' 
BdUropkma  of  the  Gault  (Upper  Cretaceous)  is  doubtfully 
allied  to  BelUrophon,  and  may  belong  to  the  Pteropoda. 

The  genus  Madurea  is  very  remarkable  in  its  structure,  and 
all  the  known  species  are  entirely  confined  to  the  Lower 
Silurian  Rocks.  The  shell  {fig.  232)  in  this  singular  genus  is 
"discoidal,  few-whorled,  longitudinally  grooved  at  the  back, 
and  slightly  rugose  with  lines  of  growth ;  dextral  side  convex, 
deeply  and  narrowly  perforated  ;  left  side  flat,  exposing  the 
inner  whorls ;  operculum  sinistrally  sub-spiral,  solid,  with  two 
internal  projections,  one  of  them  beneath  the  nucleus,  very 
thick  and  rugose"  (Woodward).  Madurea  has  been  variously 
regarded  as  "  dextral "  or  "  sinistral ; "  but  the  probabilities  are 
in  favour  of  the  view  that  it  is  truly  dextral.  In  this  case,  the 
flat  side  of  the  shell  is  the  umbilicus,  and  the  spire  must  be 
regarded  as  sunk  below  the  general  surface  of  the  shell.  (On 
this  view  the  specimen  figured  at  b,  fig.  232,  is  represented  up- 
side down.)    The  species  of  ^fu/ur^  occur  chiefly  at  the  base 
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of  the  Lower  Silurian  series  both  in  North  America  and  in 
Scotland,  occumng  in  some  localities  in  the  greatest  profusion 


The  genus  OphiMa  (fig  233)  of  the  Silurian  Rocks  may  be 
mentioned  here,  though  its  true  affinities  are  extremely  doubt 


Fig  ii-t-Opk,li 

ful  The  shell  in  this  genus  is  discoidal,  and  very  closely 
resembles  that  of  Euomphalus  The  aperture,  however,  is 
stated  by  Mr  Billings  to  have  a  sinus  in  the 
lower  hp  and  a  notch  in  the  upper  lip — 
characters  which  are  not  present  in  Mac- 
lurea  It  is  a  matter  of  question  whether 
OphiUta  should  be  regarded  as  comprising 
species  of  Madurea  \vith  slender  whorls, 
or  whether  it  should  be  placed  in  the  Tur- 
brnida,  in  or  near  Euomphalus,  or  whether 
It  should  not  be  placed  in  the  ffaliotida  and 
rij  an-^j'nMiits  be  regarded  as  a  discoidal  P/euro/omaria. 
™"  "  "='  '"  ju  j|jg  genus  Cyrloliles  (fig.  234)  the  shell 
IS  thin,  symmetrical,  discoidal,  or  coiled  into 
the  shape  of  a  horn,  the  whoris  more  or  less  disconnected, 
furnished  with  a  keel,  and  sculptured.     The  species  of  this 
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genus  range  from  the  Lower  Silurian  to  the  Carboniferous 
Rocks,  and  are,  therefore,  exclusively  Palieozoia 

In  Eceuliomphaltu  (fig.  235)  the  shell  is  very  like  that  of 
CyrtoUtes,  but  the  whoils  are  few  in  number,  and  are  widely 
separated  from  one  another     The  shell  is  thin,  and  the  coils 


F^g-  la—EatiUemfkilia  dulant     Quebec  Group  (Upper  Cimbnin  f) 


lie  in  the  same  plane.  The  species  of  this  genus  range  from 
the  Lower  Silurian  to  the  Carboniferous,  and  have  been  com- 
pared to  Etiompkali  imperfectly  rolled  up ,  but  the  true  affini- 
ties of  the  genus  are  doubtful 

Lastly,  the  genus  Forcelha  mcludes  shells  which  are  com- 
posed of  many  whorls  coiled  into  a  flat  spiral  The  whorls  are 
keeled,  and  the  aperture  has  a  dorsal  slit  The  species  of  this 
genus  are  mainly  Palseozoic,  but  range  into  the  Trias. 

Section  B.  Pulkonifera: — Respiration  aerial,  by  means 
of  a  pulmonary  chamber.  The  Pidmonifera  include  the  ordin- 
ary Land -snails.  Slugs,  Pond-snails,  &c.,  and  are  usually  provided 
with  a  well-developed  shell ;  though  this  may  be  rudimentary 
(as  in  the  Slugs),  or  even  wanting.  In  the  Land-snails  and 
Pond-snails  there  is  a  well-developed  shell  into  which  the 
animal  can  retire  completely.  The  Slugs,  again,  have  a  merely 
rudimentary  shell  which  is  completely  concealed  within  the 
mantle.  The  completely  shell-less  forms  are  necessarily  wholly 
unknown  as  fossils.  The  Slugs,  with  a  rudimentary  shell,  are 
only  doubtfully  represented  in  a  fossil  state,  and  that  only  in 
the  Tertiary  Rocks.  The  abundance  of  the  shell-bearing  forms 
as  fossils  depends  mainly  on  the  habits  of  the  animal.  The 
Land-snails,  being  terrestrial  in  their  habits,  are,  necessarily, 
but  sparingly  represented  as  fossils,  and  they  do  not  date  back 
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to  a  time  anterior  to  the  Carboniferous.  The  Pond-snjuls,  be- 
ing exclusively  conlined  to  fresh  water,  are  oDly  known  as  fossils 
in  fluviatile  and  lacustrine  deposits,  and  they  are  exclusively 
Secondary  and  Ternary,  not  being  known  in  the  Paleozoic 
period.  The  Ptdmonifera  are  divided  into  the  two  orders  of 
the  Inopermlata  and  Operculata,  according  as  the  shell  is  des- 
titute of  an  operculum,  or  is  provided  with  this  apparatus. 

Order  IV.  Inoperculata:— 5faiff  not  provided  iviih  an 
operculum, 

Fam,  1.  Helicid^  : — Shell  well  developed,  capable  of  con- 
taining the  entire  animal.  With  the  exception  of  Pupa  and 
Zonites  (the  last  a  sub-genus  of  Helix),  all  the  Heiiat^  belong  to 
the  Tertiary  and  Recent  periods.  As  they  are  all  terrestrial  in 
their  habits,  they  are  necessarily  of  rare  occurrence  as  fossils, 
occurring  chiefly  in  fluviatile  and  lacustrine  deposits.  The  two 
genera  above  mentioned  have  been  found  in  the  Coal-Measures, 
and  are  the  oldest  forms  of  the  group.  The  chief  fossil  genera 
arc  Helix,  Bulimui,  Aefialina,  Pupa,  and  CiausUia. 

In  the  genus  Helix  are  the  ordinary  Land-snails  (fig.  236), 
in  which  the  shell  is  conical,  sometimes  depressed,  or  some* 
times  disco idal ;  the  aperture  transverse,  crescentic  or  rounded, 
and  the  columella  perforated  or  imperforate.  The  Land-snails, 
with  one  exception,  are  all  confined  to  the  Tertiary  and  Recent 
periods.  The  exception  to  this  statement  is  the  Zonites  prisms 
(fig.  236),  discovered  by  Dr  Dawson  in  the  Coal-Measures  of 


Fig.  i^-ZcniUt  {Cmulusi  friKU  (»fter  DawsonV    a  Spedmni  enlarged 


Nova  Scotia,    This  is  a  true  Land-snail  referred  to  Zoniies  or 
Cenulus,  a  sub-genus  of  Helix  itself. 

In  Bulimus  the  shell  is  turreted  or  oblong,  the  columella 
generally  simple,  and  the  outer  lip  usually  expanded  and 
thickened.    In  the  nearly  allied  genus  AchtUina  the  columella 
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is  twisted,  and  the  lips  of  the  shell-aperture  are  thin.     Both 
genera  date  their  existence  from  the  Eocene  Tertiary. 

In  the  genus  Pupa  the  shell  is  cylindrical  or  oblong,  with  a 
round,  often  toothed,  aperture.     The  oldest  member  of  this 
genus  is  the  Pupa  vetusta  (fig.  237),  discovered  by  Dr  DawsoD 
in  the  Coal-Measures  of  Nova 
Scotia,  in  the  hollow  trunk  of  an 
erect  Sigillaria.     This  ancient 
form  is  remarkably  like  some 
living  "Chrysalis-shells,"  and 
there  appears  to  be  no  reason 
for  framing  a  new  genus  (Den- 
(fr^«/aj  for  its  reception.  With 
the  exception  of  this  little  shell, 
all  the  fossil  species  of /^a  are 
confined  to  the  Tertiary  period, 
commencing  in  the  Eocene. 

In  the  genus  Clausilia  the 
shell  is  spindle-shaped,  coiled 
into  a  left-handed  spiral  ("sin- 
istral"), with  an  elliptical  aper- 
ture, partially  contracted  by  - 
shelly  processes.  The  Clausi- 
luKy  so  far  as  known,  date  their 
existence  from  the  Eocene 
Tertiary. 

Fam.  2.  LiMACiDiC : — Shell  rudimentary,  usually  internal  or 
concealed  by  the  mantle.  The  "  Slugs "  are  included  in  this 
family,  and  they  are  only  known  in  the  fossil  state  by  doubtful 
remains  in  the  Miocene  and  Pliocene  Tertiary.  A  species  of 
TestaceUa\i3S  also  been  indicated  as  occurring  in  the  Miocene. 

Fam.  3,  LiMN^iD£  : — Shell  well  developed,  thin  and  horn- 
coloured.  Aperture  simple ;  lip  sharp.  The 
Ijmnceidtt  are  all  inhabitants  of  fresh  water, 
and  they  are  found  in  fluviatile  and  lacus- 
trine deposits.  They  are  believed  to  com- 
mence in  the  Jurassic  period,  members  of 
this  family  having  been  described  from  the 
Lias  and  from  ^e  Purbeck  beds  (Upper 
Oolites).  It  is  not,  however,  until  we  reach 
the  base  of  the  Cretaceous  system  (Weald 
Clay)  that  these  forms  appear  in  any  abun- 
dance, 'ig.  ajB.— 

The  genus  Limnaa  (fig.  238)  includes  the  A™""-*^"-  '■«"«■ 
soK^led  "  Pond-snails,"  characterised  by  their  thin,  spiral. 


I.  n^.—pK*a  (Dmdrettifa)  vrltala. 
[Afier  Dawun.)  m  NaluraJ  mk:  J  Ed- 
ifti^cd;  c  Apex  enlarged  ;  1^  Sculpture^ 
DugiulKd.    Coat-Meiuurei. 
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elongated  shells,  with  a  large  body-whorl  and  an  obliquely- 
twisted  columella.  The  species  of  this  genus  commence  in 
the  Wealden  (Lower  Cretaceous)  —  perhaps  in  the  Upper 
Oolites — and  are  abundantly  represented  throughout  the  Ter- 
tiary series- 

In  the  genus  Physa  (fig.  239)  the  shell  is  left-handed  ("  sinis- 
tral "),  ovate,  thin,  and  polished,  with  the  aperture  rounded  in 
front  Species  of  this  genus  have  been  indi- 
cated as  occurring  in  the  Purbeck  beds  (Up- 
per Oolites)  and  Wealden  (Cretaceous). 
Most  of  the  fossil  species,  however,  belong  to 
the  Tertiary  period,  and  the  genus  attains  its 
maximum  at  the  present  day. 

The  genus  Ancylus  comprises  the  so-called 
"  River-Limpets,"  at  once  distinguished  by 
their  thin,  .conical,  limpet-shaped  shells.  A  few 
fossil  species  are  known,  chiefly,  if  not  exclu- 
m-  339— ^M  sively,  confined  to  the  Tertiary  period. 
«  .mmtru.  ent  .pjj^  genus  Platiorbis  comprises  a  number 
of  well-known  fresh-water  shells,  in  which  the  shell  is  discoidal 
and  many-whorled,  the  aperture  crescentic,  and  the  lip  thin. 
The  fossil  species  of  this  genus  date  from  the  Lias  (?),  but  are 
not  plentiful  except  in  the  Tertiary  deposits,  whence  a  large 
number  of  forms  has  been  obtained. 

Fam.  4.  AuRicuLiD.« : — Shell  spiral,  with  a  homy  epidermis; 
aperture  elongated  and  denticulated.  The  species  of  this 
family  inhabit  salt  marshes  and  places  overflowed  by  the  sea. 
They  are  of  little  importance  as  fossils,  dating  from  the  Eocene 
Tertiary. 

Order  V.  Operculata  : — Shell  furnished  ■with  an  oper- 
culum. 

Fam,  5.  CvcLosTOMiD* : — Shell  spiral,  rarely  elongated, 
often  depressed.  Aperture  nearly  circular. 
Operculum  spiral.  The  genus  Cyclostoma 
(tig.  340)  includes  almost  all  the  fossil 
species  of  this  family,  and  dates  from  the 
Eocene  Tertiary.  All  the  members  of  this 
family  are  terrestrial  in  their  habits,  and 
they  are  of  small  importance  as  fossils. 
Fam.  6.  Aciculid*;  : — Shell  elongated, 
Fig.  340.— o^to.wBM  cylindrical ;  operculum  thin  and  sub- 
ArHtadii.  EoceneTer-  spiral.  A  Species  of  Acicuta  has  been  in- 
'"'''  dicated  as  occurring  in  the  Pliocene  Terti- 

ary ;  but  the  family  is  otherwise  unrepresented  by  fossil  fonns. 


PTEROPODA. 
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CLASS  PTEROPODA, 

The  Pteropoda  are  defined  by  \i€\ngfree  and  pelagic,  swimming 
by  means  of  two  wing-like  appendages  (epipodia),  developed 
from  each  side  of  the  anterior  extremity  of  the  body.  The 
flexure  of  the  intestine  is  neural. 

As  to  the  position  of  the  Pteropoda  in  the  MoUuscan  scale, 
they  must  be  looked  upon  as  inferior  in  organisation  to  any  of 
the  Gasteropoda,  of  which  class  they  are  often  regarded  as  the 
lowest  division.  They  permanently  represent,  in  fact,  the  tran- 
sient, larval  stage  of  the  Sea-snails. 

The  living  Pteropods  are  all  of  small  size,  and  are  found 
swimming  at  the  suiface  of  the  open  ocean,  often  in  enormous 
numbers.  Locomotion 
is  effected  by  two  wing- 
like fins  (fig.  241)  devel- 
oped from  the  sides  of 
the  head.  In  some  cases 
the  body  is  naked  and 
unprotected;  but  there 
is  commonly  a  symmetri- 
cal glassy  shell,  either 
consisting  of  a  dorsal  and 
ventral  plate  united,  or 
forming  a  spiral. 

The  Pteropoda  are  divided  into  t>vo  orders,  termed  Thecoso- 
mata  and  Gymnosomata;  the  former  characterised  by  possess- 
ing an  external  shell  and  an  indistinct  head;  the  latter  by 
being  devoid  of  a  shell,  and  by  having  a  distinct  head,  with 
fins  attached  to  the  neck. 

The  G)nnnosomatous  Pteropods,  in  which  there  is  no  shell, 
as  a  matter  of  course,  are  wholly  unknown  in  the  fossil  con- 
dition. The  Thecosomatous  Pteropods,  in  which  there  is  a 
shell,  are  divided  into  two  families — the  Hyaleida  and  Lima- 
cinidce.  The  latter  comprises  forms  in  which  there  is  a  small 
spiral  shell,  which  is  sometimes  provided  with  an  operculum ; 
but  it  is  unrepresented  in  a  fossil  state.  The  former  family 
comprises  forms  in  which  the  shell  is  S3nnmetrical,  straight  or 
curved,  globular  or  needle-shaped,  and  it  is  represented  by  a 
considerable  number  of  fossil  forms,  most  of  which  are  ex- 
tremely unlike  any  known  living  examples  of  the  class,  being 
often  of  comparatively  colossal  dimensions.    The  fossil  forms 


Fig.  341. — Pteropoda.     a  CUodcrapyranddata  ; 
oCuvieria  columnella.    (After  Woodward.) 
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mostly  belong  to  the  genera  Hyalea,  Cuvuria,  Ckodora,  Thetxiy 
Pterotheca,  TerUaculUes,  and  Conularia;  but  other  less  import- 
ant types  are  known  to  have  existed  in  past  time.  Of  the 
above-mentioned  generic  forms,  the  first  three  are  well  repre- 
sented at  the  present  day  by  living  forms.  The  remaining 
four  are  almost  exclusively  Palseozoic,  Conularia  alone  surviv- 
ing into  the  earlier  portion  of  the  Mesozoic  period.  Not  only 
is  this  the  case,  but  the  forms  in  question  all  commence  their 
existence  in  the  Lower  Silurian  or  Upper  Cambrian,  and  none 
of  them  except  Conularia  transgresses  the  upper  limit  of  the 
Devonian  Rocks.  Lastly,  almost  ali  these  forms  are  of  com- 
paratively gigantic  size,  and  they  differ  in  many  respects  from 
living  forms. 

In  the  genus  ffyalfa  (fig.  242)  the  shell  is  globular,  trans- 
lucent, the  dorsal  plate  ex- 
e^H^        tended  into  a  hood ;  the  aper- 
»  • — N        nfni        ^'^'^^  '^  contracted,  with  a  late- 
\^-^       VJpP         i-al  slit  on   each  side.     The 
fossil  species  are  only  known 
Fig.  iv—ifi«u^<iOriignyaHa.  Mionne    jn  the  Mioccne  and  Pliocene 
^'  Tertiary,  and  the  genus  at- 

tains its  maximum  in  existing  seas.  Cleedora  has  a  pyramidal 
shell,  and  dates  from  the  Miocene;  and  Cui'ieria  (tig.  241) 
has  a  cylindrical  shell,  and  dates  from  the  Pliocene.  Both 
these  genera  attain  their  maximum  at  the  present  day. 

The  genus  Tlieca  (the  Hyolitkes  of  Continental  and  American 
pal ffionto legists)  comprises  a  number  of  singular  forms  in 
which  the  shell  is  straight,  sheath- 
shaped,  tapering  to  a  point,  triangular, 
and  destitute  of  lateral  appendages 
(fig.  243).  The  mouth  of  the  shell 
is  trigonal,  sometimes  closed  by  an 
operculum,  sometimes  furnished  with 
curved  lateral  appendages.  The  length 
of  the  shell  is  commonly  about  an  inch 
or  an  inch  and  a  half.  Nearly  ninety 
species  of  this  genus  are  enumerated 
Fig.  nj,— /■*««  punuuta  ^'S'  ^*-  Barrande,  distributed  in  the 
■nd  Its  operculum.  (After  Snl-  Upper  Cambrian,  Silurian,  and  Devon- 
(Uppt'C^brian'T)  ""^  "'  ian  formations,  but  not  extending  into 
the  Carboniferous  period. 
The  genus  Pterotheai  of  Salter  is  exclusively  Silurian,  and  is 
characterised  by  having  the  "  shell  transversely  oval,  bilobed, 
with  wavy  sides  and  a  strong  median  keel;  ventral  plate  short, 
narrow,  and  flat" 
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The  genus  Canularia  is  one  of  the  most  extraordinary  of  the 
extinct  genera  of  the  Pteropods,  if  only  for  the  enormous  size 
attained  by  many  examples.  The  shape 
of  the  shell  is  very  tike  that  of  some 
living  Pteropods,  but  specimens  occa- 
sionally reach  the  length  of  nearly  a  foot, 
with  a  breadth  of  more  than  an  inch. 
The  shell  in  Conularia  (fig.  244)  is 
straight,  tapering  towards  one  end,  and 
having  a  sub-quadrate  or  rhomb  oidal 
aperture  at  the  other.  The  form  of  the 
shell  is  generally  distinctly  four-sided, 
the  sides  being  finely  striated  with  trans- 
verse lines.  The  shell  is  generally  of 
extreme  tenuity;  but  the  internal  cavity 
is  sometimes  restricted  by  concentric 
lamellae,  and  the  apex  maybe  partitioned 
off  M.Barrande  enumerates  eighty-three 
species  of  Conularia,  most  of  which  are 
Paleozoic,  commencing  in  the  lowest  Silurian  deposits.  The 
genus,  however,  extends  into  the  Mesozoic  Rocks,  the  last 
species,  so  far  as  at  present  known,  appearing  in  the  Lias. 

Lastly,  the  genus  Tenteutdites  comprises  a  number  of  singular 
Palaeozoic  fossils,  the  true  position  of  which  cannot  be  said 
to  be  absolutely  free  from  doubt  Most  authorities  now  place 
7ot/(Kw/^w,  with  apparently  good  reason,  in  the  Pteropoda; 
but  others  would  still  refer  this  genus  to 
the  Tubicolar  Annelides.  It  must  be  ad- 
mitted, also,  that  in  some  respects  Ten- 
lamlites  approximates  pretty  closely  to  the 
Annelidous  genera  Conckkolites  and  Cor- 
nuliles.  Upon  the  whole,  however,  the 
mode  of  occurrence  of  Taitanilites  and 
its  undoubted  free  habit  of  existence  leave 
litde  doubt  as  to  its  true  place  being 
amongst  the  Pteropods.  The  shell  of 
Tmiaciilites  (fig,  245)  has  the  form  of  a 
straight  conical  tube,  tapering  towards  one 
extremity  to  a  pointed  closed  apex,  and  | 
expanding  towards  the  other  to  a  circular 
aperture.  The  wails  of  the  shell  are  thin,  and  are  surrounded 
with  numerous  thickened  rings  or  annulations,  sometimes  with 
intermediate  stri£e,  over  a  whole  or  part  of  the  length  of  the  tube. 
The  size  of  Trntaculitei  varies  much  in  different  cases,  being 
sometimes  less  than  a  couple  of  lines  in  length,  and  sometimes 
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attaining  a  length  of  an  inch  or  more.  Fifty-two  species  of 
Tmtaculites  are  enumerated  by  M.  Barrande,  commencing  in 
the  Lower  Silurian  and  ranging  into  the  Devonian.  The  genus 
is  essentially  Silurian,  and  examples  of  some  species  often 
occur  in  myriads  through  a  considerable  thickness  of  strata. 


CHAPTER    XXIV. 

CLASS   CEPHALOPODA. 

Class  IV.  Cephalopoda. — ^The  members  of  the  Cephalo- 
poda are  defined  by  the  possession  oi  eight  or  more  arms  placed 
in  a  circle  round  tlu  mouth;  the  body  is  enclosed  in  a  muscular 
mantle-sac^  and  there  are  two  or  four  plume-like  gills  within  the 
mantle.  There  is  an  anterior  tubular  orifice  {the  *  *  infundibulum  " 
or  ^^ funnel**),  through  which  the  effete  water  of  respiration  is 
expelled. 

The  Cephalopoda,  comprising  the  Cuttle-fishes,  Squids,  Pearly 
Nautilus,  &c.,  constitute  the  most  highly  organised  of  the 
classes  of  the  Mollusca.  They  are  all  marine  and  carnivorous, 
and  are  possessed  of  considerable  locomotive  powers.  At  the 
bottom  of  the  sea  they  can  walk  about,  head  downwards,  by 
means  of  the  arms  which  surround  the  mouth,  and  which  are 
usually  provided  with  numerous  suckers  or  "  acetabula."  They 
are  also  enabled  to  swim,  partly  by  means  of  lateral  expansions 
of  the  integument  or  fins  (not  always  present),  and  partly  by 
means  of  tilie  forcible  expulsion  of  water  through  the  tubular 
"  funnel,"  the  reaction  of  which  causes  the  animal  to  move  in 
the  opposite  direction. 

The  majority  of  the  living  Cephalopods  are  naked,  possess- 
ing only  an  internal  skeleton,  and  this  often  a  rudimentaiy 
one ;  but  the  Argonaut  (Paper  Nautilus)  and  the  Pearly  Nau- 
tilus are  protected  with  an  external  shell,  though  the  nature  of 
this  is  extremely  different  in  the  two  forms. 

The  body  in  the  Cephalopoda  is  symmetrical,  and  is  enclosed 
in  an  int^ument  which  may  be  regarded  as  a  modification  of 
the  mantle  of  the  other  Mollusca,  Ordinarily  there  is  a  toler- 
ably distinct  separation  of  the  body  into  an  anterior  cephalic 
portion  (prosoma),  and  a  posterior  portion,  enveloped  in  the 
mantle,  and  containing  the  viscera  (metasoma).  The  head  is 
very  distinct,  bearing  a  pair  of  large  globular  eyes,  and  having 
the  mouth  in  its  centre.     The  mouth  is  surrounded  by  a  circle 
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of  eight,  ten,  or  more,  long  muscular  processes,  or  "arms " 
(fig.  246),  which  are  generally  provided  with  rows  of  suckers. 
In  the  Octopod  Cuttle-fishes  there  are  only  eight  arms,  and 
these  are  all  nearly  alike.  In  the 
Decapod  Cuttle-fishes  there  are 
ten  arms,  but  two  of  these— called 
"tentacles"  —  are  much  longer 
than  the  others,  and  bear  suckers 
I  only  at  their  extremities,  which 
are  enlarged  and  club-shaped. 
I  In  the  Pearly  Nautilus  the  arms 
are  numerous,  and  are  devoid  of 
suckers. 

The  parts  of  the  Cephalopoda 
which  may  be  preserved  in  a  fossil 
condition,  and  which  thus  inte- 
rest the  palaeontologist,  are  the 
mandibles,  the  ink-bag,  and  the 
skeleton,  whether  this  be  internal 
or  external. 

The  mandibles  are  contained 
within  the  mouth  or  "  buccal 
cavity  "  of  the  animal,  and  have 
the  form  of  powerful  jaws,  work- 
ing vertically  like  the  beak  of  a 
bird.  They  are  homy  or  calcare- 
ous, and  in  shape  closely  resem-  '  """ 
ble  the  beak  of  a  parrot,  with  this  diflereuce,  that  the  largest 
of  the  two  mandibles  is  placed  inferiorly.  Mandibles  of  this 
nature  are  present  in  both  the  Cuttle-fishes  and  the  Pearly 
Nautilus,  and  they  doubtless  existed  in  all  the  extinct  forms. 
They  not  uncommonly  occur  as  fossils,  but  they  do  not  appear 
to  have  been  observed  out  of  the  Jurassic  and  Cretaceous 
Rocks.  They  are  commonly  called  "Rhynchohtes,"  and  genera 
such  as  Rhymhotmthis  have  been  founded  upon  them  (fig. 
»47)- 

The  ink-iag  is  a  special  gland  possessed  by  the  Cuttle-fishes, 
for  the  purpose  of  secreting  an  inky  fluid,  which  the  animal  can 
discharge  into  the  water,  so  as  to  enable  it  to  escape  when 
menaced  or  pursued.  The  secretion  of  the  ink-bag  consists  of 
finely-divided  particles  of  carbon  suspended  in  fluid,  and  it  is 
extremely  indestructible.  The  ink-bag,  with  its  contained  se- 
cretion, is  not  uncommonly  found  in  the  fossil  condition ;  but 
it  has  only  been  observed  in  strata  of  Secondary  age.  In  the 
Tetrabranchiate  Cephalopods,  in  which  there  is  an  external 
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shell,  and  this  means  of  defence  is  not  needed,  there  is  no  ink- 
bag. 

The  shell  of  the  Cephalopoda  is  sometimes  external,  some- 
times internal.     The  internal  skeleton  is  known  as  the  "  cuttle- 
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bone,"  "  sepiostaire,"  or  "  pen  "  (gladius),  and  may  be  either 
comeous  or  calcareous.  In  some  cases  it  is  rendered  complex 
by  the  addition  of  a  chambered  portion  or  "  phragmacone," 
which  is  to  be  regarded  as  a  visceral  skeleton  or  "  splanchno- 
skeleton."  In  Spirula  the  phragmacone  is  the  sole  internal 
skeleton,  and  is  coiled  into  a  spiral,  the  coils  of  which  He  in 
one  plane,  and  are  near  one  another,  but  not  in  contact.'  It 
thus  resembles  the  shell  of  the  Pearly  Nautilus,  but  it  is  inter- 
nal, and  differs,  therefore,  entirely  from  the  external  shell  of  the 
latter.  The  only  living  Cephalopods  which  are  provided  with 
,  an  external  shell  are  the  Paper  Nautilus  {Argonauta),  and  the 
,  Pearly  Nautilus(iWia/(Vaj/(i»»///j«j')  ;  but  not  only  is  the  struc- 
ture of  the  animal  different  in  each  of  these,  but  the  nature  of 
the  shell  itself  is  entirely  different  The  shell  of  the  Argonaut  is 
involuted,  but  is  not  divided  into  chambers,  and  it  is  secreted 
by  the  webbed  extremities  of  two  of  the  dorsal  arms  of  the 
female.  The  arms  are  bent  backwards,  so  as  to  allow  the 
animal  to  live  in  the  shell,  but  there  is  in  reality  no  organic 
connection  between  the  shell  and  the  body  of  the  animal.  In 
fact,  the  shell  of  the  Argonaut,  being  confined  to  the  female, 
and  serving  by  its  empty  apex  as  a  receptacle  for  the  ova,  may 
be  looked  upon  as  a  "  nidamental  shell,"  or,  as  it  is  secreted  by 
a  modified  portion  of  the  foot,  it  may  more  properly  be  re- 
garded as  a  "  pedal  shell."  The  shell  of  the  Pearly  Nautilus 
(fig.  248),  on  the  other  hand,  is  a  tnie  pallia!  sheli,  and  is  se- 
creted by  the  body  of  the  animal,  to  which  it  is  organically 
connected.  It  is  involuted,  but  it  differs  from  the  shell  of  the 
Argonaut  in  being  divided  into  a  series  of  chambers  by  shelly 


ALOPODA.  27s 

partitions  or  s^j^te,  whJfeh  are  pierced  by  a  tube  or  "  siphuncle," 
the  animal  itselfihriilg  in  the  last  chamber  only  of  the  shell. 

The  Cephalopoda  are  divided  into  two  extremely  distinct  and 
well-marked  orders,  termed  the  Dibranchiata  and  Tetrabran- 
chiaia.  The  former  is  characterised  by  the  possession  of  two 
gills  only,  and  by  the  fact  that  the  shell,  if  external  (as  it  very 
rarely  is),  is  never  chambered.  In  this  order  are  comprised 
the  living  Cuttle-fishes,  Squids,  and  Paper  Nautilus,  with  the 
extinct  family  of  the  Belemnitidce,  The  latter  is  distinguished 
by  the  presence  of  four  gills,  and  by  the  possession  of  an  exter- 
nal many-chambered  shell  This  order  is  abundantly  repre- 
sented in  past  time,  but  has  no  other  living  representative  than 
the  Pearly  Nautilus  alone.  The  following  table  gives  the  char- 
acters and  leading  genera  of  the  families  of  Cephalopoda : — 

Synopsis  of  the  Families  of  the  Cephalopoda. 

Class  Cephalopoda. 

Order  I.  Dibranchiata. 

Animal  with  two  branchiae  ;  not  more  than  eight  or  ten  arms, 
provided  with  suckers ;  an  ink-bag.  Shell  commonly  internal  and 
rudimentary ;  rarely  external,  but  not  chambered. 

Section  A.  Octopoda. 

Arms  eightf  suckers  sessile, 
Fam.  I.  Argonautida, 

Female  provided  with  a  calcareous,  external,  monothalamous 
shell,  secreted  by  the  webbed  extremities  of  two  of  the  dorsal 
arms.     Gen.  Argonauta, 
Fam,  2.  Octopodidi. 

Shell  internal,  rudimentary,  uncalcified.  No  pallial  fins  in 
most     IlL  Gen.  Octopus^  Tremoctopus^  EUdone^  Pinnoctopus. 

Section  B.  Dec  apod  a. 

Arms  eighty  with  twoclavaie  **  tentacles  ;*'  suckers  pedunculated. 
Fam.  3.  Teuthida, 

Shell  an  internal  horny  "pen"  or  "gladius."    Fins  mostly 
terminal.     III.  Gen.  Loligo,  OnychotetUhiSy  Ommastrepkes. 
Fam,  4.  Belemnitidce, 

Shell  internal,   composed  of  a  conical  chambered  portion 
("phragmacone")  with  a  marginal  siphuncle,  produced  into  a 
homy  plate  or   "pen,"   and  lodged  in  a  cylindrical  fibrous 
"guard.*'     III.  Gen.  Beletnnites^  Belefnnitella^  Bdemnoteuthis, 
Fam,  5.  Sepiadte. 

Shell  calcareous,  consisting  of  a  broad,  laminar  plate,  termi- 
nating in  an  imperfectly-chambered  apex  ('*  phrag^macone").    III. 
Gen.  Sepia^  Beloptera,  Spirulirostra, 
Fam,  6.  Spirulida, 

Shell  internal,  nacreous,  chambered,  discoidal ;  the  whorls 
separate  ;  a  ventral  siphuncle.     Gen.  Spirula, 

Order  II.  Tetrabranchiata. 

Animal  with  four  gills  ;  arms  more  than  ten,  without  suckers  ; 
no  ink-bag ;  shell  external,  chambered,  and  siphuncled. 


>> 
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Fam.  I.  Nautilida, 

Sutures  of  the  shell  simple  ;  the  siphuncle  central,  sub'Central, 
or  near  the  concavity  of  the  curved  shells,  simple. 
Sub-family  NautUida  proper, 

Bodv-chamber  capacious ;  aperture  simple ;  siphuncle 
central  or  internal.     111.  Gen.  NatUiluSy  IMuites,  Trocho- 
ceras. 
Sub-family  Orthoceratida, 

Shell    straight,    curved,   or    discoidal ;    body-chamber 
small ;  aperture  contracted  ;  siphuncle  complicated.     IlL 
Gen.  Orthoceras,  Phragmoctras^  Cyrtoceras, 
Fam.  2.  Ammonitida. 

Shell  discoidal,  curved,  spiral,  or  straight ;  body-chamber 
elongated ;  aperture  guarded  by  processes,  or  closed  by  an  oper- 
culum ;  sutures  angulated,  lobed,  orfoliaceous ;  siphuncle  external 
or  dorsal  (on  the  convex  side  of  the  curved  shells).  111.  Gen. 
Ammonites^  Ceratites,  Baculites^  TurrilUes^  Scaphites^  Aficyloceras. 

As  regards  their  general  distribution  in  time,  the  Cephalo- 
pods  are  largely  represented  in  all  the  primary  groups  of  strati- 
fied rocks  from  the  Lower  Silurian  up  to  the  present  day.  Of 
the  two  orders  of  Cephalopoda,  the  Tetrabranchiata  is  the  oldest, 
attaining  its  maximum  in  the  Palaeozoic  period,  decreasing  in 
the  Mesozoic  and  Kainozoic  epochs,  and  being  represented  at 
the  present  day  by  the  single  form,  Nautilus pompilius.  Of  the 
sections  of  this  order,  the  Nautilida  proper  and  the  Orthocer- 
atidce  are  pre-eminently  Palaeozoic,  and  the  Ammonitida  are 
not  only  pre-eminently  but  are  almost  exclusively  Secondary. 
Of  the  abundance  of  the  two  former  families  in  the  Silurian 
seas  some  idea  may  be  obtained  when  it  is  mentioned  that  over 
a  thousand  species  have  been  described  by  M.  Barrande  fi*om 
th e  Silurian  basin  of  Bohemia  alon e.  The Nautilidce  proper  have 
gradually  decreased  in  numbers  from  the  Palaeozoic,  through 
the  Secondary  and  Tertiary  periods,  to  the  present  day.  The 
OrthoceratidcB  died  out  much  sooner,  being  exclusively  Palaeo- 
zoic, with  the  exception  of  the  genera  Orthoceras  itself  and 
Cyrtoceras,  which  survived  into  the  commencement  of  the  Se- 
condary period,  finally  dying  out  in  the  Trias. 

The  second  family  of  the  Tetrabranchiata — viz.,  the  Ammo- 
nitidce — is  almost  exclusively  Secondary,  being  very  largely  re- 
presented by  numerous  species  of  the  genera  Ammonites,  Cera- 
iites,  Baculites,  Turrilites,  &c.  The  only  Palaeozoic  genera  are 
Goniatites  and  Badrites,  of  which  the  former  is  found  from  the 
Upper  Silurian  to  the  Trias,  whilst  the  latter  is  a  Silurian 
and  Devonian  form.  The  genus  Ceratites  is  characteristically 
Triassic,  but  it  is  said  to  occur  in  the  Devonian  Rocks,  and 
some  species  are  Cretaceous.  All  the  remaining  genera  are 
exclusively  Secondary,  the  gQiitrdiBaatHtes,  TurrUiies,  Hamites 
and  Ptyclwceras  being  confined  to  the  Cretaceous  period. 
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Of  the  Dibranchiate  Cephalopods  the  record  is  less  perfect, 
as  they  have  few  structures  which  are  capable  of  preservation. 
They  attain  their  maximum,  as  fossils,  shortly  after  their  first 
appearance  in  the  Secondary  Rocks,  where  they  are  represented 
by  the  large  and  important  family  of  the  Belemnitidce,  Some 
of  the  Teuthida  and  Sepiada  are  found  both  in  the  Secondary 
and  in  the  Tertiary  Rocks,  and  two  species  of  Argonaut  have 
been  discovered  in  the  later  Tertiaries.  No  example  of  a  Di- 
branchiate Cephalopod  is  known  from  the  Palaeozoic  deposits, 
and  the  order  attains  its  maximum  at  the  present  day. 


CHAPTER  XXV. 
TETRABRANCHIATE  CEPHALOPODS. 

The  Tetrabranchiate  Cephalopods  are  characterised  by  being 
creeping  animals^  protected  by  an  external,  many-chambered  shell, 
the  septa  between  the  chambers  of  which  are  perforated  by  a  mem- 
branous or  ccUcareous  tube,  termed  the  ^^  siphuncle^  T/ie  arms 
are  numerous,  and  are  devoid  of  suckers;  the  branchice  are  four 
in  number,  two  on  each  side  of  the  body ;  the  funnel  does  not  form 
a  complete  tube;  and  tliere  is  no  ink-bag. 

The  Tetrabranchiate  Cephalopods  have  an  enormous  de- 
velopment in  past  time,   several  thousand  species,  mostly 
belonging  to  extinct  types,  being  known  from  the  Palaeozoic 
Rocks  alone.     In  the  Mesozoic  Rocks  tlie  members  of  this 
order  were  almost  equally  abundant.     In  the  Tertiary  Rocks 
the  order  is  reduced  to  the  single  genus  Nautilus,  represented^ 
at  the  present  day  by  the  syigle  _species  Nautilus  pompilius  <<^ 
(the  Pearly  Nautilus).     The  palaeontological  importance  of  this  *^ 
order  being  so  grea^  it  may  be  as  well  to  preface  the  account 
of  the  extinct  forms  by  a  short  description  of  the  structure  of 
the  living  Nautilus  pompilius,  as  described  by  Professor  Owen, 
from  the  only  perfect  specimen  which  has  as  yet  been  obtained. 

The  soft  structures  in  the  Pearly  Nautilus  may  be  divided 
into  a  posterior,  soft,  membranous  mass  (metasoma),  containing 
the  viscera,  and  an  anterior  muscular  division,  comprising  the 
head  (prosoma) ;  the  whole  being  contained  in  the  outermost, 
capacious  chamber  (the  body-chamber)  of  the  shell,  from  which 
the  head  can  be  protruded  at  will.  The  shell  itself  (fig.  248) 
is  involuted  and  many-chambered,  the  animal  being  contained 
successively  in  each  chamber,  and  retiring  from  it  as  its  size 
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becomes  suffidently  great  to  necessitate  the  acquisition  of  more 
room.  Each  chamber,  as  the  animal  retires  from  it,  is  walled 
off  by  a  curved,  nacreous  septum ;  the  communication  between 
the  chambers  being  still  kept  up  by  a  membranous  tube  or 
siphunclc,  which  opens  at  one  extremity  into  the  pericardium, 


Fig.  ws- 


and  is  continued  through  the  entire  length  of  the  shell  The 
position  of  the  siphuncle  is  in  the  centre  of  each  septum. 

Posteriorly  the  mantle  of  the  Nautilus  is  very  thin,  but  it  is 
much  thicker  in  front,  and  forms  a  thick  fold  or  collar  sur- 
rounding the  head  and  its  appendages.  From  the  sides  of  the 
head  spring  a  great  number  of  muscular  prehensile  processes 
or  "  arms,"  which  are  annulated,  but  are  not  provided  with  cups 
or  suckers.  In  the  centre  of  the  head  is  the  mouth,  surrounded 
by  a  circular  fleshy  lip,  external  to  which  is  a  series  of  labial 
processes.  The  mouth  opens  into  a  buccal  cavity,  armed  with 
two  horny  mandibles,  partially  calcified  towards  their  extremi- 
ties, and  shaped  like  the  beak  of  a  parrot,  except  that  the  under 
mandible  is  the  longest  There  is  also  a  "  tongue,"  which  is 
fleshy  and  sentient  in  front,  but  is  armed  with  recurved  teeth 
behind.  The  gullet  opens  into  a  large  crop,  which  in  turn 
conducts  to  a  gizzard,  and  the  intestine  terminates  at  the  base 
of  the  funnel.  On  each  side  of  the  crop  is  a  well-developed 
liver. 

The  heart  is  contained  in  a  large  cavity,  divided  into  several 
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chambers,  and  termed  the  "  pericardium "  (Owen).  The  re- 
spiratory organs  are  in  the  form  of  four  pyramidal  branchiae, 
two  on  each  side. 

The  chief  masses  of  the  nervous  system  are  the  cerebral  and 
infra-cesophageal  ganglia,  which  are  partially  protected  by  a 
cartilaginous  plate,  which  is  to  be  regarded  as  a  rudimentary 
cranium,  and  which  sends  out  processes  for  the  attachment  of 
muscles.  The  organs  of  sense  are  two  large  eyes,  attached  by 
short  stalks  to  the  sides  of  the  head,  and  two  hollow  plicated 
sub-ocular  processes,  believed  to  be  olfactory  in  their  function. 

The  reproductive  organs  of  the  female  consist  of  an  ovary, 
oviduct,  and  accessory  nidamental  gland. 

There  is  no  ink-bag,  and  the  funnel  does  not  form  a  com- 
plete tube,  but  consists  of  two  muscular  lobes,  which  are  simply 
in  apposition.  It  is  the  organ  by  which  swimming  is  effected, 
the  animal  being  prop*elled  through  the  water  by  means  of  the 
reaction  produced  by  the  successive  jets  emitted  from  the 
funnel.  The  function  of  the  chambers  of  the  shell  appears  to 
be  that  of  reducing  the  specific  gravity  of  the  animal  to  near 
that  of  the  surrounding  water,  since  they  are  probably  filled 
with  some  gas  secreted  by  the  animal,  or  with  water  itself.  The 
function  of  the  siphuncle  is  unknown,  except  in  so  far  as  it 
doubtless  serves  to  maintain  the  vitality  of  the  shell. 

Shell  of  the  Tetrabranchiata. — The  shells  of  all  the 
Tetrabranchiata  agree  in  the  following  points  : — 

1.  The  shell  is  external. 

2.  The  shell  is  divided  into  a  series  of  chambers  by  plates 
or  "  septa,"  the  edges  of  which,  where  they  appear  on  the  shell, 
are  termed  the  "  sutures." 

3.  The  outermost  chamber  of  the  shell  is  the  largest,  and  is 
the  one  inhabited  by  the  animal. 

4.  The  various  chambers  of  the  shell  are  united  by  a  tube, 
termed  the  "  siphuncle." 

Agreeing  in  all  these  fundamental  points  of  structure,  two 
very  distinct  types  of  shell  may  be  distinguished  as  charac- 
teristic of  the  two  families  NautUidoR  and  Ammonitida^  into 
which  the  order  Tetrabranchiata  is  divided. 

In  the  family  NautilidtE  (fig.  249),  the  "  septa  "  of  the  shell 
are  simple,  curved,  or  slightly  lobed ;  the  "  sutures  "  are  more 
or  less  completely  plain ;  and  the  "  siphuncle  "  is  central,  sub- 
central,  or  internal  (/.^.,  on  the  concave  side  of  the  curved  shells). 

In  the  family  Ammonitidce  (fig.  249),  on  the  other  hand,  the 
septa  are  folded  and  complex ;  the  sutures  are  angulated,  zig- 
zag, lobed,  or  foliaceous ;  and  the  siphuncle  is  external  (1.^., 
on  the  convex  side  of  the  curved  shells). 
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In  both  these  great  types  of  shell,  a  series  of  representative 
forms  exists,  resembling  each  other  in  the  manner  in  which  the 
shell  is  folded  or  coiled,  but  differing  in  their  fundamental 
structure.  All  these  different  forms  may  be  looked  upon  as 
produced  by  the  modification  of  a  greatly-elongated  cone,  the 
structure  of  which  may  be  in  conformity  with  the  type  either  of 
the  NaittilidcB  or  of  the  AmmonUidce,  The  following  table 
(after  Woodward)  exhibits  some  of  the  representative  forms  in 
the  two  families  : — 
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Shell  straight  .  . 
bent  on  itself 
curved  .  . 
spiral  .  .  . 
discoidal .     . 


NautUida, 

Orthoceras  . 
Ascoceras  . 
Cyrtoceras  . 
Trochoceras 
Gyroceras    . 


» 


discoidal  and  produced  Lituites  . 
involute    ....       Nautilus. 


Ammoititida. 

Baculites. 

Ptychoceras. 

Toxoceras. 

Turrilites. 

Crioceras. 

Ancyloceras. 

Ammonites. 
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Fig.  249.— Diagram  to  illustrate  the  position  of  the  siphuncle  and  the  form  of  the  septa 
in  various  Tetrabranchiate  Cephalopoda.  The  upper  row  of  figures  represents  transverse 
sections  of  the  shells,  the  lower  row  represents  the  edges  of  the  septa,  an  Ammonite  or 
Baculite;  bbCeratiU;  cc  Goniatite;  ddClytnenia;  ee  Nautuus  ox  Orthoceras. 


Distribution  of  Tetrabranchiata  in  Time. — Regarded 
as  a  whole,  the  Tetrabranchiate  Cephalopods  form  a  group 
which  early  attained  its  maximum,  and  which  is  now  almost 
extinct.  The  greatest  development,  in  point  of  numbers,  took 
place  in  the  Palaeozoic  period  ;  and  the  forms  then  existing 
belonged  to  decidedly  simpler  types  than  those  which  followed 
them.  The  greatest  number  of  types  existed  during  the  Meso- 
zoic  period  ;  and  here  the  order  still  maintained  a  great  abun- 
dance of  individuals.  With  the  close  of  the  Secondary  epoch 
a  large  number  of  complex  types  disappeared  wholly,  and  the 
order  was  left  without  any  representative  in  the  Tertiary  Rocks 
except  the  simple  and  ancient  genus  Nautilus, 
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As  regards  the  two  great  sections  of  the  order,  the  Nautt- 
lidm  are  the  most  ancient,  dating  their  existence  from  the 
Lower  Silurian,  if  not  from  the  Upper  Cambrian.  Not  only 
is  this  the  case,  but  they  are  pre-eminently  Palieozoic,  very  few 
forms  survivii^  into  the  Secondary  period,  and  only  one  into 
the  Tertiary,  The  Ammonilida,  on  the  other  hand,  are  pre- 
eminently Mesozoic,  and  no  member  of  this  group  is  known 
to  have  survived  into  the  Kainozoic  period.  This  group, 
however,  is  represented  by  two  comparatively  simple  types  in 
the  Palseozoic  period,  commencing  their  existence  from  the 
Silurian. 

In  the  following  are  given  the  characters  and  distribution  in 
time  of  the  leading  forms  of  the  Tetrabranchiate  Cephalo- 
pods  L — 

Nautilid-e, 

Fam.  I.  Nadtilid-e. — Sutures  of  the  shell  simple  ;  Ihesiphunde 
simple,  central,  siib-central,  or  near  the  concavity  of  the  curved 
shells. 

SuR-FAMiLY  I.  Nautilid-e  Proper. — Body-chamber  capa- 
cious J  aperture  of  the  shell  simple ;  siphuncle  central  or  in- 
ternal. The  genera  of  this  sub-family  are  Nautilus,  Lituites, 
Trochoceras,  and  Clymenia ;  of  which  the  last  three  are  ex- 
clusively Palseozoic,  whilst  the  first  ranges  through  all  the 
great  formations  from  the  Silurian  upwards,  and  is  represented 
at  the  present  day  by  the  Pearly  Nautilus. 

In  the  genus  Nautilus  (fig.  250)  the  shell  is  involute  or  dis- 
coidal,  consisting  of  a  few  whorls  coiled  into  a  flat  spiral.    The 
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body-chamber  is  of  large  size,  and  the  siphuncle  is  central,  or 
nearly  so.     The  genus  Nautilus  ranges  from  the  Upper  Silu- 
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rian  to  the  present  day,  having  its  maximum  of  development 
in  the  Carboniferous  period.     The  Paljeozoic  forms  are  mostly 

discoidal,  having  the  whorlsmore 
or  less  completely  exposed.  The 
A^a/;7r'oflaterdepositsare  mostly 
like  the  living  species  in  having 
each  whorl  overlapping  the  pre- 
ceding, so  that  merely  an  "  »m-  . 
bilicus  "  is  visible.  Many  of  the 
extinct  forms,  belonging  to  all 
ages,  agree  with  the  living  Naut- 
ilus in  having  the  surface  quite 
smooth  {Lavigati).  Others, 
which  are  especially  character- 
istic of  the  Jurassic  Rocks,  have 
~    "  Lowtr  siiurUut  the     surface    striated     (Striati). 

Others,    chiefly   of   Cretaceous 
age,  have  the  surface  marked  by  distinct  ribs  {Radiati). 

In  the  Upper  Silurian  and  Devonian  Rocks  Nautili  are  few; 
in  the  Carboniferous,  many  species  are  known;  in  the  Permian 
Rocks  and  Trias  are 
but  few  species;  butthe 
Jurassic  and  Cretaceous 
Rocks  have  yielded  a 
considerable  number, 
lastly,  several  Tertiary 
species  are  known,  all 
of  which  agree  with  the 
living  Nautilus pompilius 
in  having  their  surface 
completely  smooth. 

In  the  genus  LiluUes 
(fig.  251)  the  shell  is  at 
first  coiled  discoidally 
with  close  or  discon- 
nected whorls ;  but  the 
last  chamber  is  pro- 
duced into  a  straight 
or  slightly-curved  line. 
The  si ph uncle  is  placed 
in  the  centreof  the  septa 
of  the  shell.  All  the 
known  species  of  Liluites  are  confined  to  the  Silurian  forma- 
tion ;  but  some  occur  in  deposits  the  age  of  which  is  pro- 
bably Upper  Cambrian. 
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The  genus  TroduMxras  is  one  which  was  founded  by  M, 
Barrande  to  iDclude  certain  singular  Silurian  Cephalopods  in 
which  the  shell  is  doubly  curved.  In  the  typical  forms — 
corresponding  with  TurrilUes  amongst  the  Ammonilida — the 
coils  of  the  shell  are  in  contact  and  pass  obliquely  round  a 
central  axis,  so  that  the  shell  becomes  turreted.  In  other 
cases,  however,  the  shells  are  simply  bent,  and  we  have  an 
approach  to  the  genus  Cyrtoceras. 

In  the  genus  Clymenia  (fig.  252)  the  shell  is  discoidal,  coiled 
into  a  flat  spiral,  and  closely  resembling  some  of  the  older 
forms  of  Nautilus.  The  inner  side  of  each  whorl  is  deepjy 
excavated  for  the  reception  of  the  convexity  of  the  internal 
whorl.  The  septa  are  simple,  like  those  of  Nautilus,  or  are 
slightly  lobed,  and  the  siphuncle  is  iniertial,  placed  on  the 
concave  side  of  the  whorls.  Numerous  species  of  Clymenia  are 
known,  all  belonging  to  the  Devonian  period ;  and  some  of 
the  Upper  Devonian  limestones  of 
Germany  are  so  profusely  chaiged 
with  fossils  of  this  genus  as  to  have 
received  the  name  of  "  Clymenien- 
kallc" 

Sob  -  FAMILY  2.  Orthocerat- 
ID«. — Shell  straight,  curved,  or 
discoidal;  body -chamber  small; 
aperture  of  the  shell  small,  some- 
times extremely  contracted ;  siph- 
uncle complicated.  The  Ortho- 
ieraiidm  commence  in  the  lowest 
Silurian  deposits,  and  attain  their 
maximum  of  development  in  the 
Silurian  Rocks.  The  family  is  well 
represented  in  the  Devonian  and 
Carboniferous  Rocks,  but  is  much 
reduced  in  numbers  in  the  Per- 
mians.  The  last  appearance  of  the 
family  is  in  the  Triassic  Rocks, 
where  it  is  represented  by  the 
genera  Orthoceras  and  Cyrtoceras. 
The  chief  genera  of  this  sub- 
family are  Orthoceras,  Gontpho- 
ceras,  Phragmoceras,  Cyrtoceras, 
Gyroceras,  and  Ascoceras. 

In  the  genus  Orthoceras  (fig.  253)  the  shell  is  straight,  the 
siphuncle  central  or  excentric,  often  of  a  very  complex  struc- 
ture, and  the  aperture  of  the  shell  sometimes  contracted.     The 
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Orthocerata  are  •pre-eminently  fossils  of  th/s  Silurian,  Devonian, 
and  Carboniferous  Rocks.  They  are,  however,  found  in  the 
Permians,  and,  passing  into  the  Mesozoic  series,  they  make 
their  last  appearance  near  the  summit  of  the  Triassic  Rocks. 
They  sometimes  attained  an  enormous  size,  occasionally  ex- 
ceeding six  feet  in  length,  with  a  diameter  of  more  than  a  foot. 
Some  idea  of  the  vast  numbers  of  these  Cephalopods  in  the 
Palaeozoic  seas  may  be  obtained  from  the  statement  that  M. 
Barrande  enumerates  more  than  five  hundred  species  as  occur- 
ring in  the  small  Silurian  basin  of  Bohemia  alone.  The 
numerous  species  of  Orthoceras  are  divided  by  the  above- 
named  distinguished  palaeontologist  into  two  principal  sections 
— the  Short-coned  Orthoceratites,  and  the  Long-coned  Ortho- 
ceratites — according  as  the  shell  has  the  form  of  a  short  cone 
with  a  large  apical  angle,  or  of  a  prolonged  cone  with  a  small 
apical  angle.  The  first  of  these  groups  is  a  very  small  one,  and 
almost  all  the  more  common  forms  come  into  the  second  group. 
The  nature  of  the  siphuncle  is  very  different  in  different 
Orthocerata^  and  more  or  less  well  marked  sub-genera  have 
been  founded  upon  the  characters  of  this  structure.  In  the 
sub-genus  Huronia  the  siphuncle  is  of  very  large  size,  each 
joint  being  cylindrical  below  but  inflated  above,  the  outer 
walls  of  the  siphuncle  being  connected  with  an  internal  central 

tube  by  radiating  plates.  In  the  forms 
termed  Cochkati  the  siphuncle  consists 
of  a  succession  of  spheroidal  bead-like 
joints.  In  the  sub-genus  Endoceras  the 
siphuncle  is  very  large,  marginal,  ex- 
centric,  or  central,  and  it  is  partitioned 
off  by  funnel-shaped  diaphragms.  There 
is,  however,  considerable  difference  of 
opinion  as  to  the  true  nature  of  the 
siphuncle  in  this  sub-genus.  Lastly,  in 
the  sub-genus  Gonioceras  the  transverse 
section  of  the  shell  is  flattened,  and  the 
sutures  are  undulated. 

The  genus  Cyrtoceras  (fig.  254)  very 
closely  resembles  Orthoceras^  but  the 
shell  is  curved  instead  of  being  straight, 
and  the  siphuncle  is  either  sub-central, 
or  is  more  commonly  internal — />.,  on 
the  concave  side  of  the  shell.  Cyrtoceras  has  about  the  same 
vertical  range  as  Orthoceras^  ranging  from  the  Silurian  through 
all  the  Palaeozoic  formations,  and  disappearing  in  the  Trias. 
The  genus  is  characteristically  Silurian,  and  M.  Barrande  has 


Fig.  254.  -Lyrtocertis  iso- 
dort4S  (Billings).  Lower 
Silurian. 
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described  nearly  two  hundred  and  fifty  species  from  rocks  of 
this  age  in  Bohemia. 
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In  the  genus  Phragmoceras 
(fig.  255)  the  shell  is  curved, 
and  its  aperture  is  contracted 
in  the  most  extraordinary 
manner  in  the  middle,  so  as 
to  assume  somewhat  of  the 
shape  of  a  keyhole.  The 
siphuncle  in  the  majority  of 
cases  is  placed  upon  the  con- 
cave side  of  the  shell.  In 
other  cases,  the  ventral  side 
of  the  Mollusc  corresponds 
with  the  convex  side  of  the 
shell.  The  species  of  Pkrag- ' 
moceras  are  Silurian  and  De- 
vonian, mainly  the  former; 
and  M.  Barrande  enumerates 
thirty-eight  species  as  occur- 
ring in  tlie  Silurian  basin  of 
Bohemia. 

In  the  genus  Gomphoceras, 
the  shell  is  spindle-shaped,  or       p     ,56.  — ,(1  "«'c 
globular,  tapering  towards  its    lingi)   ihowng  the  form 
apex.    The  aperture  is  con-    Lo*trsiuniin 
traded  in  the   middle,  like   that   of  Phragmoceras,    and    the 
siphuncle  is  generally  sub-central.     In  most  cases  the  ventral 
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side  of  the  shell  is  relatively  the  most  convex,  but  the  reverse 
of  this  sometimes  occurs.  The  species  of  Gomphoceras  range 
from  the  Silurian  to  the  Carboniferous,  but  belong  mainly  to 
the  former.  M.  Barrande  enumerates  no  less  than  seventy- 
three  species  as  occurring  in  the  Silurian  Rocks  of  Bohemia. 

The  genus  Ascoceras  (fig.  256)  comprises  some  singular  forms 
in  which  the  shell  is  globular  or  flask-shaped,  and  the  septa  do 
not  run  at  right  angles  to  the  axis  of  the  shell,  but  nearly 
parallel  with  it,  being  at  the  same  time  curved  in  an  extra- 
ordinary manner.  The  air-chambers  also  are  restricted  to  a 
portion  only  of  the  shell.  In  Aphragmites  the  air-chambers  are 
not  persistent.  Both  these  genera  are  exclusively  confined  to 
the  Silurian  Rocks,  abounding  chiefly  in  the  upper  division  of 
the  series. 

Lastly,  in  the  genus  Gyroceras  the  shell  is  coiled  into  a  flat 
spiral,  the  volutions  of  which  are  not  contiguous.  The  siphuncle 
is  excentric  This  genus  is,  perhaps,  hardly  separated  from 
Lituites  by  any  sufficiently  good  characters.  The  species  of 
the  genus  are  mainly  Upper  Silurian  and  Devonian. 


AMMONITIDiE. 

Fam.  II.  AMMONiTiDiE. — Shell  discoidal^  curved^  spiral^  or 
straight;  body-chamber  elongated ;  aperture  guarded  by  proasses^ 
or  closed  by  an  operculum;  sutures  angulated,  lohed^  or  foliaceous ; 
siphuncle  external  or  dorsal,  on  the  convex  side  of  the  curved  shells. 

The  chief  point  by  which  the  Ammonitidce  are  distinguished 
from  the  Nautilidce,  is  the  natture  of  the  septa  between  the  air- 
chambers.  The  latter  have  septa  which  are  simply  curved, 
and  which  consequently  exhibit  plain  or  very  slightly  lobed 
edges  or  sutures.  In  the  Ammonitida^  on  the  other  hand,  the 
septa  are  "nearly  flat  in  the  middle,  and  folded  round  the 
edge  (like  a  shirt-frill),  where  they  abut  against  the  outer  shell- 
wall  "  (Woodward).  The  result  of  this  is  that  the  *'  sutures  " 
or  edges  of  the  septa  appear  on  the  surface  of  the  shell  in  the 
form  of  angulated,  lobed,  or  foliaceous  lines  (fig.  257). 

The  angulated  or  digitated  portions  of  the  suture,  which  are 
directed  inwards,  away  from  the  mouth  of  the  shell,  are  called 
the  ^^ lobes"  The  elevations  between  the  "lobes,"  which 
point  towards  the  mouth  of  the  shell,  are  called  the  "  sculdlesJ' 
These  parts  have  the  following  arrangement  (fig.  257) : — In 
the  middle  of  the  back  or  convex  surface  of  the  shell,  tra- 
versed by  the  siphuncle,  is  a  single  unpaired  lobe  which  is. 
termed  the  "  dorsal  lobe  "  (D).  The  lobe  on  each  side  of  this 
is  the  "lateral-superior"  lobe  (L).    The  lobe  next  to  this 
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again  is  the  "  lateral- infer! or "  lobe ;  and  the  lobes  which 
follow  this  {of  a  variable  number)  are  the  "  auxiliary"  lobes 
(A^  A*,  A*,  A*),  Lastly,  there  is  a  second  unpaired  lobe  im- 
mediately opposite  to  the  dorsal  lobe,  placed  upon  the  con- 
cave side  of  the  shell,  and  termed  the  "  ventral "  lobe.  The 
"saddles"  are  similarly  subdivided.  Between  the  dorsal  and 
lateral-superior  lobes  comes  the  "  dorsal  saddle  "  (SD).  Next 
to  this,  between  the  superior-lateral  and  inferior-lateral  lobes 
is  placed  the  "lateral  saddle"  (SL)  on  each  side;  and  this 
is  followed  by  a  variable  number  of  "  auxiliary  saddles " 


Fig,  >}7.-Une-h>lf  or  the  lulun  ot  AiaironiUl  Truillii.  D,  Donal  lobe,  Inivened 
bv  chei^piiunclc ;  L.  Lilcral-iupenor  lobe ;  E,  LateTal-inferior  lobe ;  A'.  A<,  A'.  A*.  Aux- 
iloo'lobci,-  SD,  Doruluddlci  SL,  Lateral  uddle  ;  Sl,S*.  S),  S^,  AuiUiuy  uddlu. 

The  aperture  of  the  shell  in  the  Ammonitida  is  commonly 
furnished  with  lateral  processes  of  greater  or  less  length ;  and 
in  some,  if  not  in  all  cases,  it  was  further  protected  by  a  homy 
or  shelly  operculum.  Sometimes  the  operculum  consists  of  a 
single  piece  :  but  in  other  cases  it  is  divided  into  two  sym- 
metrical halves  by  a  straight  median  suture.  The  opercula  of 
this  latter  kind  were  originally  described  as  separate  fossils, 
under  the  name  of  Trigonei/ita. 

As  regards  the  general  distribution  in  time  of  the  Ammon- 
itida, the  earliest-known  forms  of  the  group  appear  in  the 
Silurian  Rocks;  the  genus  Badrites  in  the  Lower  Silurian, 
and  Goniatites  in  the  Upper  Silurian.  No  other  Paiasozoic 
types  of  the  group  are  known ;  but  with  the  commencement 
of  the  Mesozoic  period  begins  an  era  in  which  an  enormous 
-  development  of  the  Ammonitida  took  place.  The  genus 
Ceraiites  is  characteristically  Triassic.  The  Jurassic  Rocks 
are  chiefly  distinguished  by  species  of  the  genus  Ammonites 
itself,  though  other  generic  types  are  not  wanting.  Lastly,  in 
the  Cretaceous  Rocks  we  find,  along  with  Ammonites  proper, 
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several  remarltable  forms,  such  as  TurrilUes,  Baculitei,  Hamites, 

ScaphiUs,  and  Ptychoceras.  With  the  close  of  the  Cretaceous 
period  the  Amtm>nHida  disappeared  altogether,  and  no  ex- 
ample of  Ais  large  and  varied  family  has  as  yet  been  detected 
in  the  Tertiaries,  or  is  known  to  exist  in  Receflt^eas, 


Genera  of  Ammonitid*. 
The  genus  Goniaiites  (fig.  258)  comprises  ancient  forms  of 
tlie  Ammonitidse,  in  which  tlie  shell  is  discoidal ;  the  sutures 
are  simply  lobed  or  angulated ;  and 
the  siphuncle  is  dorsal.  The  earliest- 
known  forms  of  this  genus  are  found 
in  the  Upper  SMurian  Rocks,  the  last 
in  the  Trias,  and  the  most  in  the  Car- 
boniferous. 

The  genus  Bactriies  comprises  forms 
quite  similar  to  Goniatites,  except  that 
the  shell,  instead  of  being  rolled  up,  is 
straight.  The  genus  represents  Ortho- 
ceras,   from    which    it    differs    in    the 


possession  of  lobed  septa,  and  in  the  position  of  the  siph- 
uncle.    The  known  species  range  from  the  Lower  Silurian  to 
the  Devonian. 
The  genus   Ceratiies  (fig.  259)  comprises  forms  which  re- 
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semble  Goniatites  in  having  a  discoidal  shell,  the  coils  of  which 
lie  in  one  plane  and  are  contiguous.  It  is  distinguished,  how- 
ever, from  Goniaiiles  on  the  one  hand  and  Ammomles  on  the 
other,  by  having  the 
"  lobes  "  of  th^stiture 
denticulated  or  cren- 
ulated,  whilst  the 
"  saddles "  are  simply 
rounded.  The  species 
of  Ceratita  are  typi- 
cally Triassic,  the  best- 
known  form  being  the 
C.  nodosus  of  the 
Muschelkalk.  Some 
species,  however,  oc- 
cur in  the  Cretaceous 
Rocks,  though  no 
member  of  the  genus 
has  as  yet  been  de-  '"'""'  '"""'■ 

tected  in  the  intervening  Jurassic  deposits. 

The  genus  Ammonites  comprises  by  far  the  greater  number 
of  the  Ammottitida,  over  five  hundred  species  being  already 
known.  The  shell  in  Ammmites  is  spirally  rolled  up  into  a 
ilat  spiral,  all  the  volutions  of  which  are  contiguous  (tigs. 


260,  261).  The  innermost  whorls  of  the  shell  are  more  or  less 
concealed ;  the  septa  are  undulated ;  the  sutures  are  lobed, 
foliaceous,  or  ramified;  and  the  siphuncle  is  dorsal.  The 
spedes  of  the  genus  Ammonites  range  from  the  Trias  to  the 
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Chalk,aiid  are  thus  exclusively  confined  to  the  Secondary  period. 
Within  these  limits,  each  rock^roup  is  characterised  by  par- 
ticular species,  the  number  of  individuals  being  often  very  great, 
and  the  size  which  is  sometimes  attained  being  nothii^  short  of 


gigantic  In  the  Lias  particular  species  of  Ammonites  succeed 
one  another  regularly,  each  having  its  own  definite  horizon, 
which  it  does  not  transgress.  It  is  thus  possible  to  distinguish 
a  certain  number  of  2ones,  each  characterised  by  a  particular 
Ammonite.  Some  of  these  zones  are  very  persistent  and  ex- 
tend over  very  wide  areas,  thus  affording  valuable  aid  to  the 
geologist  in  his  determination  of  rocks.  It  is  to  be  remem- 
bered, however,  that  there  are  other  species  which  are  not  thus 
restricted  in  their  vertical  range,  even  in  the  same  formations 
in  which  definite  zones  occur. 

The  numerous  species  Qf  Ammonites  are  divided  into  groups 
as  follows  (Pictet)  :— 

Section  A.     Back  with  an  tntire  keri. 
I.  Arides    .     .     .     Lower  Ooliles. — £i.  A.  Insulcatas. 


Section  B.     Bad  crenatid  or  tuitrailalal. 

4.  Amallhei      .     .     Oolites. — Ex.   A.  cordiilus. 

5.  PulchelU  (or  fiholsmagfitsa)   ,     .     Cretaceous. — £>.  A.  crenalus. 

Section  C,     Back  (smpreaed  aad  sharp. 


6.  Clypeiformi  (or  Dis(^ 


Oolites. — Ex.  A.  discus. 
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Section  U.     Batk  ckanndlid. 


9.  FUxtuti  .     . 
10.   Camproii      , 

12.  AnguiitostaH 


13.  Capricomi     . 

14.  HeUrophylli  . 

15.  UgaU  .     .     . 

16.  Pianulati.     . 
IT.  Coronati    .     , 

18.  MacrocephcUi . 

19.  Globoa      .     . 
ao.  Fimtriali 


Sbction  E.     5ai:i  sfuared. 

.  Cretaceous,  ^£j-.  A,  ladiatas. 

.  Cretaceous. — £1.  A.  BeaumonlLanus, 

.  Oolitic. — Ex.  A.  perannatus. 

,  Oolitic  and  Cretaceous— £'j:.  A.  Milletisnus. 

Section  F.     £a^i  round. 

.  Lias. — Ex.  A.  planicostatus. 

.  Oolitic — Ex.  A.  heierophyllus. 

.  Cretaceous.— £r.  A.  Mayorianus. 

.  Oolitic. — Ex.  A.  annulatus. 

.  Oolitic. — Ex.  A.  Humpbresianos. 

.  Oolitic  and  Cretaceous. — Ex.  A.  microstoma. 

.  Trias. — Ex.   A.  globus. 

.  JurassicandCretaceous. — Ex.  A.  sub-fimbriatus. 


In  the  genus  Crioceras  are  included  forms  which  resemble 
the  Ammonites  in  all  essential  characters,  but  in  which  the 
volutions  of  the  shell  are  not  contiguous.  The  shell,  there- 
fore, is  discoidal,  with  separate  whorls,  thus  corresponding 
with  Gyroceras  amongst  the  series  of  the  Nautilida.  All  the 
known  species  of  Crmeras  belong  to  the  Cretaceous  period, 
ranging  from  the  Lower  Greensand  to  the  Gault 

In  the  genus  Toxoceras  the  shell  is  simply  arcuate,  or  bent 
like  a  horn,  and  is  never  spirally  rolled  up ;  so  that  this  genus 
represents  Cyrteceras  in  the  series  Of  the  Nautilida.  The 
species  of  Toxoceras  range  from  the  lower  Oolites  to  the  Gault, 
but  the  genus  is  characteristically  Cretaceous. 

In  the  genus  Ancyloceras  (fig.    262)  the  shell  at   first  re- 


ig.  i^%,—Aneytxtr(a  MatktroiUanua.    Gault. 


sembles  that  of  Crioceras,  consisting  of  several  volutions  which 
are  coiled  into  a  flat  spiral,  but  which  are  not  in  contact  with 
one  another.  The  shell  differs  from  Crioceras,  however,  in  the 
fact  that  the  last  volution  is  produced  at  a  tangent,  and  is  ulti- 
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mately  bent  back  in  the  foim  of  a  crosier.  The  species  of 
Ancyloceras  are  Jurassic  and  Cretaceous,  ranging  from  the  In- 
ferior Oolite  to  the  Chalk. 

In  the  genus  Seaphites,  the  shell  resembles  that  of  Ancylo- 
ceras in  consisting  of  a  series  of  volutions  coiled  into  a  flat 
spiral,  and  having  the  last  volution  de- 
tached from  the  others,  produced,  and 
ultimately  bent  back  in  the  form  of  a 
crosier.  Seaphites  differs  from  Ancylo- 
ceras in  the  fact  that  the  volutions  of 
the  enrolled  part  of  the  shell  are  in  con- 
tact, instead  of  being  separate  as  they 
are  in  the  latter.  The  produced  whorl, 
also,  is  rarely  of  any  great  length,  but 
is  speedily  bent  back  upon  itself.  All 
the  species  of  Seaphites  are  Cretaceous, 
ranging  from  the  Ix)wer  Greensand  to 
the  Chalk. 

In  the  genus  Helicoceras  the  shell  is 
coiled  into  a  turreted  spiral,  the  volu- 
tions of  which  are  not  contiguous.  The 
shell  is,  also,  left-handed  or  "  sinistral." 
With  the  exception  of  a  single  species 
from  the  Inferior  Oolite,  all  the  species 
of  Helicoceras  belong  to  the  Cretaceous 
period. 

In  the  genus  TurrilUes  the  shell 
agrees  with  that  of  the  preceding  in 
being  composed  of  volutions  which 
pass  obliquely  round  a  central  axis 
(fig.  263),  so  as  to  form  a  turreted 
spiral.  The  shell  is,  also,  left-handed 
or  "  sinistral."  In  TurriliUs,  however, 
the  whorls  of  the  shell  are  in  contact, 
instead  of  being  disconnected  as  they 
are  in  Helicoceras.  The  genus  corre- 
sponds with  Trochoceras  in  the  series  of 
the  Naiitilidx.  AH  the  species  of  Tur- 
rilites  are  Cretaceous,  ranging  from  the 
«/™/«.  GauiL  Gault  to  the  Chalk. 

In  the  genus  Hamiles  the  shell  is  an 
extremely-elongated  cone,  which  is  bent  upon  itself  more  than 
once,  in  a  hook-lilte  manner,  all  the  volutions  being  separate- 
Numerous  species  of  Hamites  are  known,  all  of  them  being  Cre- 
taceous, and  ranging  from  the  Lower  Greensand  to  the  Chalk. 
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In  the  genus  Ptychoceras  the  shell  is,  also,  a  much  elongated 
cone,  which  is  simply  bent  upon  itself  once,  the  two  straight 
portions  of  the  shell  being  in  contact  The  range  of  this  genus 
is  the  same  as  that  of  Hamitcs^  extending  from  the  Lower 
Greensand  to  the  Chalk. 

Lastly,  in  the  genus  Baadites  the  shell  is  simply  a  straight 
elongated  cone,  not  bent  in  any  way.  Baculites  corresponds, 
therefore,  with  Orthoceras  in  the  series  of  the  NautUida,  The 
range  of  Baculites  is  the  same  as  that  of  the  preceding — from 
the  Lower  Greensand  to  the  Chalk ;  but  the  genus  is  most 
abundant  in  the  Chalk  itself. 


CHAPTER    XXVL 

DIBRANCHIATE   CEPHALOPODS. 

The  Dibranchiate  Cephalopods  or  Cuttle-fishes  are  character- 
ised as  htmg  swimming  aniniaiSf  almost  invariably  nakedy  with 
never  more  than  eight  or  ten  armSy  which  are  always  provided 
with  stackers.  There  are  two  branchicSy  which  are  furnished 
with  branchial  hearts  ;  an  ink-sac  is  always  present ;  the  funnel 
is  a  complete  tubCy  and  the  sheU  is  intemaly  ory  if  external,  is  not 
chambered. 

The  Cuttle-fishes  are  rapacious  and  active  animals,  swim- 
ming freely  by  means  of  the  jet  of  water  expelled  from  the 
funnel.  The  arms  constitute  powerful  offensive  weapons, 
being  excessively  tenacious  in  their  hold,  and  being  sometimes 
provided  with  a  sharp  claw  in  the  centre  of  each  sucker.  They 
are  mostly  nocturnal  or  crepuscular  animals,  and  they  some- 
times attain  to  a  great  size.  They  may  be  divided  into  two  sec- 
tions, Octopoda  and  Decapoda,  according  as  they  have  simply 
eight  arms,  or  eight  arms  and  two  additional  **  tentacles." 

The  parts  of  a  Dibranchiate  Cephalopod  which  may  be  pre- 
served in  a  fossil  condition  are  the  mandibles,  the  ink-sac,  the 
shell  (if  such  be  present),  and  the  internal  skeleton.  The  occur- 
rence of  the  mandibles  and  ink-sacs  of  Dibranchiate  Cephalo- 
pods in  a  fossil  state  has  been  already  spoken  of  (p.  273),  and 
need  not  be  further  noticed  here.  An  external  shell  is  pre- 
sent only  in  the  Argonaut  amongst  living  Cuttle-fishes,  and 
similar  structures  are  of  rare  occurrence  as  fossils  in  some  of 
the  youngest  portions  of  the  earth's  crust.  The  internal 
skeleton  of  the  Cuttle-fishes  differs  very  much  in  its  characters 
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in  different  cases.  In  the  Calamaries  the  skeleton  is  in  the 
form  of  a  homy  "  pen,"  consisting  of  a  median  shaft  and  of 
two  lateral  expansions  or  wings.  In  the  Sepiadtz  the  skeleton 
has  the  form  of  a  broad,  laminated,  calcareous  plate,  having  a 
more  or  less  perfectly  chambered  apex  or  "  mucro."  In  the 
singular  Spinda  the  skeleton  has  the  form  of  a  chambered 
tube  coiled  into  a  spiral,  the  coils  of  which  are  separate  from 
one  another.  Lasdy,  in  the  extinct  family  of  the  Bdemnitidcs^ 
there  was  a  complicated  internal  support  It  is,  then,  chiefly 
from  the  preservation  of  their  internal  skeletons  that  the 
Dibranchiate  Cephalopods  are  known  to  have  existed  in  past 
periods  of  the  earth's  history.  In  addition,  however,  to  the 
skeleton,  mandibles,  and  ink-bag,  cases  are  not  altogether  un- 
known in  which  the  hooks  of  the  suckers,  and  even  the  out- 
lines of  the  arms  and  body,  have  been  preserved  in  a  fossil 
condition. 

As  regards  their  general  distribution  in  time,  the  record  of 
the  Dibranchiate  Cephalopods  is  much  less  complete  than  that 
of  the  Tetrahranchiata,  In  the  vast  series  of  the  Palaeozoic 
formations  no  trace  has  ever  been  discovered  of  the  existence 
of  any  member  of  this  order.  Shortly  after  the  commence- 
ment of  the  Mesozoic  period  appear  the  first  Belemnites ;  and 
all  the  Secondary  formations  after  the  oldest  teem  with  the 
remains  of  this  family  of  the  Dibranchiata.  Remains  of  the 
living  families  of  the  Teuthida  and  Sepiada  are  also  not  un- 
known in  the  Mesozoic  Rocks,  but  no  trace  of  the  great  group 
of  the  Belemnitidcs,  has  hitherto  been  detected  in  Tertiary  de- 
posits. Upon  the  whole,  the  order  must  be  regarded  as  having 
attained  its  maximum  at  the  present  day.  In  the  following 
are  given  the  characters,  chief  genera,  and  distribution  in  time 
of  the  families  of  the  Dibranchiate  Cephalopods. 

Section  A.  Octopoda. — ^The  Cephalopods  comprised  in 
this  section  are  distinguished  by  the  possession  of  eight  arms, 
which  are  provided  with  sessile  suckers.  The  body  is  short 
and  bursiform,  ordinarily  without  fins.  The  shell  is  internal 
and  rudimentary ;  in  one  instance  only  (Argonaut)  external. 

Fam.  I.  ARGONAUi'iDiE. — Female  provided  with  a  delicate, 
symmetrical,  involuted  shell,  which  is  secreted  by  the  webbed 
extremities  of  the  two  dorsal  arms,  and  is  not  attached  in  any 
way  to  the  body  of  the  animal.  Male  much  smaller  than  the 
female,  shell-less.  This  family  includes  only  the  single  genus 
Argonauta  (the  Paper  Nautilus).  One  or  two  species  of 
Argonaut  have  been  discovered  in  the  Pliocene  Tertiary. 

Fam.  2.  OcTOPODiDiE. — Shell  internal,  rudimentary,  repre- 
sented by  two  short  styles  encysted  in  the  substance  of  the 
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mantle.  This  family  includes  the  living  Poulpes  and  their 
allies,  but  has  no  fossil  representatives. 

Section  R  Decapoda.— The  Cuttle-fishes  of  this  section 
have  eight  "  arms "  and  two  additional  "  tentacles,"  which  are 
much  longer  than  the  true  arms,  and  cany  suckers  on  their 
extremities  only,  which  are  expanded  and  club-shaped.  The 
suckers  are  pedunculated,  the  body  is  furnished  with  lateral 
fins,  and  the  shell  is  always  internal. 

Fam.  3.  Teuth ID*.— Shell  consisting  of  an  internal  homy 
"  pen "  or  "  gladius,"  composed  of  a  central  shaft  and  two 
lateral  wings.  Several  of  such  pens  may  exist  in  a  single 
individual,  packed  one  behind  the  other.  Fins  mostly  ter- 
minal and  angular.  This  family  comprises  the  living  Caia- 
maries  and  Squids,  and  the  following  fossil  genera  have  been 
founded  upon  "  pens  "  which  have  been  discovered  in  various 
Secondary  deposits. 

a.  Teudopsis. — Pen  lanceolate,  produced  in  front,  dilated  and 
spatulate  behind.  Five  species  of  this  genus  have  been  de- 
scribed from  the  Lias. 

b.  Bdoteuthis. — Pen  lanceolate,  pointed  in  front,  with  two 
small  wing-like  expansions  behind  (fig.  264).  Six  species  have 
been  described  by  Count  Miinster  from 
the  Upper  Lias  of  Wiirtemberg. 

c.  Leptoteuthis. — Pen  horny,  hastate, 
broad  in  front,  pointed  behind.  A  single 
species  is  known  from  the  Oxford  Clay 
(Jurassic). 

d.  Besides  the  above,  remains  found 
in  the  Jurassic  Rocks  have  been  referred 
to  the  living  genera  £noploleulhis  and 
Ommastrephes ;  and  the  extinct  genus 
Acanthoteuthis  has  also  been  placed  in 
this  family. 

Fam.  4.  Sepiad*. — Internal  skeleton 
in  the  form  of  a  broad,  laminated,  calcare- 
ous plate,  with  an  imperfectly-chambered 
apex  (or  "  mucro ").  The  chambered 
portion  of  the  skeleton  corresponds  with  f^taii,.  junuic(Uu). 
the  "  phragmaconc"  of  the  Belemmtes. 
The  fossil  species  of  this  family  range  from  the  Middle  Oolites 
upwards,  and  belong  to  the  following  three  genera  : — 

a.  Sepia. — Shell  broad  and  thick  in  front,  laminated,  and 
terminating  in  a  prominent  mucro.  The  fossil  forms  belong 
to  the  O^rford  Clay  (Jurassic)  and  Eocene  Tertiary,  and,  the 
genus  attains  its  maximum  at  the  present  day. 
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b.  Spirulircstra. — The  shell  (fig,  265)  in  this  singular  genus 
consists  of  a  chambered  portion  or  phragmacone  coiled  into  a 
spiial,  the  volutions  of  which  are  separated  This  is  lodged  in 
a  pointed  calcareous  portion  or  "  rostrum."  The  only  known 
species  of  this  genus  is  found  in  the  Miocene  Tertiary. 


Kig.  i(,i.—Sflniliroilni  B. 


C.  Beloptera. — Shell  consisting  of  a  nearly  straight  chambered 
portion  or  "phragmacone,"  perforated  by  a  siphuncle,  and 
lodged  in  a  pointed  calcareous  rostrum  which  is  furnished  with 
lateral  wings.  Two  species  only  of  this  genus  are  known,  both 
from  the  Eocene  Tertiary. 

d.  Belemnosis. — This  genus  has  been  founded  for  the  recep- 
tion of  an  Eocene  fossil  closely  resembling  Beloptera,  but  differ- 
ing in  not  possessing  any  lateral  expansions. 

Fam.  5,  S PlR u LI DjE.— Shell  nacreous,  discoidal,  composed 
of  volutions  which  are  not  in  contact  with  one  another.  The 
shell  is  divided  into  a  series  of  air-chambers  by  curved  shelly 
partitions,  pierced  by  a  ventral  tube  or  "  siphuncle."  The 
entire  shell  corresponds  with  the  "  phragmacone  "  of  the  skele- 
ton of  the  Belemnites.  Spirulircstra  and  Beloptera  are  often 
referred  to  this  family ;  but  if  these  be  placed  in  the  Sepiada, 
tlie  family  of  the  Spirulidee  is  then  without  any  known  fossil 
representative, 

Fam.  6.  Belehnitid,*:. — Shell  internal,  composed  of  a 
conical  chambered  portion  ("  phragmacone  "),  with  a  marginal 
or  ventral  siphuncle,  lodged  in  a  cylindrical  fibrous  "  guard," 
and  produced  in  front  into  a  thin  homy  or  shelly  plate  or 
"  pen  "  (the  "  pro-ostracum  ").  The  Belemnitida  are  exclusively 
confined  to  the  Secondary  Rocks,  ranging  from  the  top  of  the 
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Trias  to  the  Chalk.    The  following  are  the  i 
genera  belonging  to  this  family : — 

a.  Belemnites. — The  skeleton  of  the  Belemnite  consists  of  a 
sub  -  cylindrical,  longer  or  shorter, 
fibrous  body  (fig.  366),  which  is 
termed  the  " rostrum"  or  "guard." 
The  length  of  the  guard  varies  very 
much  in  ditTerent  cases,  and  it  is  the 
part  of  the  Belemnite  which  is  most 
commonly  found  in  a  fossil  condi- 
tion. At  the  front  or  broad  end,  the 
guard  is  hollowed  out  into  a  conical 
excavation,  which  is  termed  the 
"alveolus."  Within  the  alveolus, 
in  perfect  specimens,  is  contained 
the  "  phragmacone."  This  consists 
of  a  conical  series  of  chambers,  se- 
parated from  one  another  by  curved 
shelly  partitions  or  septa,  which 
are  perforated  by  apertures  for  the 
passage  of  the  "siphuncle,"  The 
siphuncle  traverses  the  middle  of 
the  ventral  wall  of  the  phragmacone, 
and  the  whole  series  of  chambers  is 
enclosed  in  a  thin  shell-wall  (the 
"  conotheca  "  of  Huxley).  Anteri- 
orly the  conotheca  or  investment  of 
the  phragmacone  is  prolonged  for- 
wards into  a  homy  or  shelly  plate, 
which  corresponds  with  part  of  the 
"  pen" of  the  Calamaries,  and  which 
is  termed  the  "  pro-ostracum  "  (fig. 
266,  r).  The  form  of  the  "  pro- 
ostracum  "  varies  greatly  in  different 
cases,  and  it  affords  important  char- 
acters in  the  discrimination  of  spe- 
cific and  generic  forms  in  the  BeUm- 
niiidie.  Owing,  however,  to  its  ex- 
treme tenuity,  it  is  very  rarely  found 
preserved  in  a  fossil  condition,  and 
its  value  to  the  working  p>al3£onto- 
logist  is  thus  greatly  reduced. 

Not  only  is  the  internal  skeleton 
of  the  Belemnite  known,  but  various  specimens  have  been  dis- 
covered, from  which  much  has  been  learnt  as  to  other  points 


Fig.  aM—Diagram  of  Beleir. 
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of  its  anatomy.  Thus  we  know  that  the  body  was  furnished 
with  lateral  fins,  that  there  were  eight  arms  and  two  longer 
"  tentacles,*'  that  the  suckers  were  provided  with  homy  hooks, 
that  there  was  a  large  ink-sac,  and  that  the  mouth  was  armed 
with  homy  mandibles. 

The  following  table  of  the  sections  and  sub-sections  of  the 
species  of  the  genus  Belemnites  is  the  one  given  by  Dr  S.  P. 
Woodward : — 

Section  I.  Acoeli. 

Without  dorsal  or  ventral  grooves. 
Sub-section  i.  Acuarii. 

Without  lateral  furrows,  but  often  channelled  at  the  extreme 
point.    {Ex,  B.acuarius,    Lias.) 
Sub-section  2.  ClavcUi, 

With  lateral  furrows,     {fix.  B.  clavatus.     Lias.) 
Section  II.  Gastrocoeli. 

Ventral  groove  distinct. 
Sub-section  i.  Canalicuiati, 

No  lateral  furrows.      {Ex,  B,  canaliculatus.     Inf.  Oolite.) 
Sub-section  2.  Hastaii, 

Lateral  furrows  distinct    {Ex.  B.  hastaius.  Oolite.) 
Section  III.  NotocoelL 

With  a  dorsal  groove,  and  furrowed  on  each  side.     {Ex. 
B.dilatatus,     Neocomian.) 

The  species  of  the  genus  Belemnites  range  from  the  top  of 
the  Trias,  where  the  earliest  forms  appear,  to  the 
Upper  Greensand,  in  which  the  genus  finally  dis- 
appears. The  species  are  most  numerous  in  the 
Jurassic  Rocks,  and  often  occur  in  the  greatest 
abundance  in  particular  beds  or  particular  localities. 
It  would  seem  not  improbable  that  the  genus  Betop- 
tera,  before  noticed,  should  be  referred  to  the  BeUm- 
nitidcBy  and  the  genus  Bekmnosepia  (or  Geoteuthis\ 
formerly  referred  to  the  Teuthida,  appears  to  be  al- 
most certainly  referable  here. 

b.  Belemnitella, — In  this  genus  (fig.  267)  the  skele- 
ton is  very  similar  in  its  general  arrangement  to  that 
of  Belemnites ;  but  there  is  a  straight  fissure  in  the 
guard,  at  its  upper  end,  on  the  ventral  side  of  the 
wall  of  the  alveolus.     The  species  of  this  genus  are 
Fi    36  _  exclusively  Cretaceous,  and  are  only  found  in  the 
BeUmniteiia\r^^tt  portiou  of  this  formation,  ranging  from  the 
chtvT'^"'  Upper  Greensand  to  the  Chalk. 

e,  Belemnotetithis. — "  Shell  consisting  of  a  fhrag- 
macone^  like  that  of  the  Belemnite ;  a  homy  dorsal  pen  with 
obscure  lateral  bands;  and  a  thin  fibrous  guards  with  two 
diverging  ridges  on  the  dorsal  side.    Animal  provided  with 
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arms  and  tentacles  of  nearly  equal  length,  furnished  with  a 
double  alternating  series  of  homy  hooks,  from  20  to  40  pairs 
on  each  arm  ;  mantle  free  all  round ;  fins  large,  medio-dorsal." 
— (Woodward.)  Only  one  species  is  known,  from  the  Oxford 
Clay  (Middle  Oolites).  High  authorities,  such  as  Owen  and 
D'Orbigny,  question  the  validity  of  this  genus,  and  regard  it 
as  being  founded  upon  specimens  of  Belemnites. 

d.  Xiphoteuthis. — Guard  narrow  and  cylindrical,  containing 
a  veiy  long,  deep-chambered,  narrow  phragmacone.  Pro- 
ostracum  greatly  developed  (nearly  a  foot  in  length),  very 
narrow  at  its  base,  widening  put  anteriorly,  and  finally  ter- 
minating in  a  pointed  apex.  Only  a  single  species  is  known, 
from  the  Lias. 


CHAPTER  XXVII. 

SUB-KINGDOM  VERTEBRATA, 

The  sub-kingdom  Vertebrata  may  be  shortly  defined  as  includ- 
ing animals  in  which  the  body  is  composed  of  a  succession  of 
d^nite  s^ments^  arranged  along  a  longittidinal  axis;  the  main 
masses  of  the  nervous  system  (brain  and  spinal  cord)  are  situated 
along  the  dorsal  surface  of  the  body,  and  are  completely  shut  off 
from  the  general  body-cavity.  The  limbs  are  never  more  than 
four  in  number,  and  are  always  turned  away  from  that  aspect  of 
the  body  upon  which  the  main  mcLsses  of  the  nervous  system  are 
situated.  In  all,  the  nervous  axis  is  primitively  supported  by  a 
cellular  rod,  which  is  termed  the  "  notochord; "  but  in  most  the 
notochord  is  replaced  in  the  adult  by  the  bony  axis  known  as  the 
"  spine  ^'or*^  vertd?ral  column,  ** 

The  past  existence  of  Vertebrate  animals  is  chiefly  recognised 
by  the  preservation  of  their  hard  structures.  These  hard  struc- 
tures are  of  two  kinds — some  belonging  to  the  internal  or  true 
skeleton  (endoskeleton),  others  being  of  the  nature  of  homy 
or  bony  plates,  scales,  or  appendages  of  various  kin<i|,  de- 
veloped in  the  integument  (exoskeleton).  The  nature  of  the 
exoskeleton  in  the  Vertebrates  differs  very  much  in  different 
cases,  and  it  will  be  considered  when  treating  of  the  separate 
groups.  It  will  be  well,  however,  to  give  an  extremely 
general  and  brief  view  of  the  stracture  of  the  endoskeleton, 
taking  for  this  purpose  a  Mammal  as  a  typical  form.  In  this 
way  the  student  will  be  enabled  readily  to  trace  the  modifica- 
tions of  the  skeleton  in  the  lower  forms,  and  will  without 
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difficulty  comprehend  the  terms  which  are  necessarily  em- 
ployed in  the  definitions  of  the  various  groups.  It  may  be 
added  here,  before  proceeding  further,  that  it  does  not  seem 
requisite  to  treat  the  Vertebraia  with  the  same  fulness  as  the 
Invertebrata.  The  fossil  remains  of  Vertebrates  are  in  many 
cases  of  the  highest  theoretical  interest,  but  they  come  much 
less  frequently  under  the  notice  of  the  ordinary  student  than 
do  the  remains  of  the  Invertebrates.  No  practical  study,  also, 
of  the  fossil  Vertebrates  can  be  carried  out  without  a  consider- 
able acquaintance  with  Comparative  Osteology.  Lastly,  the 
remains  of  Vertebrate  animals  generally  occur  in  jsuch  a  frag- 
mentary condition  that  a  sufficient  series  of  specimens  for  pro- 
fitable study  can  rarely  be  obtained,  except  under  peculiarly 
favourable  circumstances,  in  special  cases,  or  where  access  can 
be  had  to  a  first-rate  museum.  For  these  and  other  reasons  it 
is  thought  enough,  in  a  treatise  intended  for  the  working  palae- 
ontologist, to  give  a  general  account  of  each  class  of  the  Verte- 
braia, with  definitions  of  the  orders,  and  a  brief  notice  of  the 
leading  forms  of  each.  Only  in  cases  of  special  interest  will  any 
details  of  a  more  minute  character  than  the  above  be  given. 

The  skeleton  of  the  Vertebrata  may  be  regarded  as  consisting 
essentially  of  the  bones  which  go  to  form  the  head  and  trunk 
on  the  one  hand  (sometimes  called  the  "  axial "  skeleton),  and 
of  those  which  form  the  supports  for  the  limbs  ("appendicular" 
skeleton)  on  the  other  hand.  The  bones  of  the  head  and 
trunk  may  be  looked  upon  as  essentially  composed  of  a  series 
of  bony  rings  or  segments,  arranged  longitudinally,  one  behind 
the  other.  Anteriorly  these  segments  are  much  expanded,  and 
likewise  much  modified,  to  form  the  bony  case  which  encloses 
the  brain,  and  which  is  termed  the  cranium  or  skulL  Behind 
the  head  the  segments  enclose  a  much  smaller  cavity,  which  is 
called  the  "  neural "  or  spinal  canal,  as  it  encloses  the  spinal 
cord ;  and  they  are  arranged  one  behind  the  other,  forming 
the  vertebral  column.  The  segments  which  form  the  verte- 
bral column  are  called  "  vertebrae,"  and  they  have  the  follow- 
ing general  structure  : — Each  vertebra  (fig.  268,  A)  consists  of 
a  cenlral  piece,  which  is  the  fundamental  and  essential  element 
of  the  vertebra,  and  is  known  as  the  "  body  "  or  "  centrum"  {c). 
From  the  upper  or  posterior  surface  of  the  centrum  spring  two 
bony  arches  {n  «),  which  are  called  the  "  neural  arches "  or 
"  neurapophyses,"  because  they  form  with  the  body  a  canal — ^the 
"  neural  canal " — which  encloses  the  spinal  cord.  From  the 
point  where  the  neural  arches  meet  behind,  there  is  usually 
developed  a  longer  or  shorter  spine,  which  is  termed  the  "  spi- 
nous process  "  or  "  neural  spine  "  (s).     From  the  neural  arches 
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there  are  also  developed  in  the  typical  vertebra  two  processes 
(a  a),  which  are  known  as  the  "  articular  "  processes,  or  "  zyga- 
pophyses."  The  vertebrae  are  united  to  one  another  partly 
by  these,  but  to  a  greater  extent  by  the  bodies  or  "centra." 
From  the  sides  of  the  vertebral  body,  at  the  point  of  junction 
with  the  neural  arches,  there  proceed  two  lateral  processes 
(dif),  which  are  known  as  the  "transverse  processes." 


These  elements  form  the  vertebra  of  the  human  anatomist, 
but  the  "vertebra"  of  the  transcendental  anatomist  is  com- 
pleted by  a  second  arch  which  is  placed  beneath  the  body  of 
the  vertebra,  and  which  is  called  the  "  hasmal "  arch,  as  it 
includes  and  protects  the  main  organs  of  the  circulation. 
This  second  arch  is  often  only  recognisable  with  great  diffi- 
culty, as  its  parts  are  generally  much  modilied,  but  a  good 
example  may  be  obtained  in  the  human  chest,  or  in  the  caudal 
vertebra  of  a  bony  fish. 

As  a  general  rule,  the  vertebral  column  is  divisible  into  a 
number  of  distinct  re^ons,  of  which  the  following  are  recog- 
nisable in  man  and  in  the  higher  Vertebrafa : — -i.  A  series  of 
vertebrje  which  compose  the  neck,  and  constitute  the  "  cer- 
vical region  "of  the  spine  (fig.  269,  c).  2.  Anumberof  vertebne 
which  usually  carry  well-developed  ribs,  and  form  the  "  dorsal 
region"  (d),  3.  A  series  of  verttbrae  which  form  the  region 
of  the  loins,  or  "lumbar  region"  (b).  4.  A  greater  or  less 
number  of  vertebne  which  constitute  the  "  sacral  region,"  and 
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are  usually  amalgamated  or  "  anchylosed  "  blether  to  fonn  a 
single  bone,  the  "  sacrum  "  (s).  5.  The  spinal  column  is  com- 
pleted by  a  variable  number  of  vertebrie  which  constitute  the 
"  caudal "  region,  or  tail  {i). 


As  regards  the  skull  of  the  Vertebrates,  the  most  important 
points  to  be  noticed  are  the  manner  in  which  the  cranium 
articulates  with  the  vertebral  column,  and  the  stiuctiu-e  of  the 
lower  jaw  or  "  mandible."  In  Birds  and  Eeptiles  the  skull 
articulates  with  the  first  vertebra  of  the  neck  by  means  of  a 
single  articulating  surface  or  "  condyle,"  carried  upon  the 
occipital  bone.  In  the  Amphibians,  again,  and  in  the  Mam- 
mals, there  are /^c  "occipital  condyles,"  by  which  the  skull 
is  jointed  to  the  neck.  The  lower  jaw  is  sometimes  want- 
ing, but,  when  present,  it  consists  in  all  Verlebrata  of  two 
halves  or  "  rami,"  which  are  united  to  one  another  in  front, 
and  articulate  separately  with  the  skull  behind.  In  many 
cases,  each  half,  or  "  ramus,"  of  the  lower  jaw  consists  of 
several  pieces  united  to  one  another  by  sutures ;  but  in  the 
Mammaiia  each  ramus  consists  of  no  more  than  a  single 
piece.  The  two  rami  are  very  variously  connected  with  one 
another,  being  sometimes  only  joined  by  ligaments  and  mus- 
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cles,  sometimes  united  by  cartilage  or  by  bony  suture,  and 
sometimes  fused  or  anchylosed  with  one  another,  so  as  to 
leave  no  evidence  of  their  true  composition.  The  mode  by 
which  each  ramus  of  the  lower  jaw  articulates  with  the  skull 
also  varies.  In  the  Mammalia  the  lower  jaw  articulates  with 
a  cavity  formed  on  what  is  known  to  human  anatomists  as  the 
temporal  bone ;  but  in  Birds  and  Eeptiles,  the  lower  jaw  articu- 
lates with  the  skull,  not  directly,  but  by  the  intervention  of  a 
special  bone,  known  as  the  "quadrate  bone"  or  ^^osquadrafumJ* 

As  regards  the  limbs  of  Vertebrates,  whilst  many  differences 
exist,  which  will  be  afterwards  noticed,  there  is  a  general 
agreement  in  the  parts  of  which  they  are  composed.  As  a 
rule,  each  pair  of  limbs  is  joined  to  the  trunk  by  means  of  a 
series  of  bones  which  also  correspond  to  one  another  in  general 
structure.  The  fore-limbs,  often  called  the  "  pectoral "  limbs, 
are  united  with  the  trunk  by  means  of  a  bony  arch,  which  is 
called  the  "pectoral"  or  "scapular"  arch;  whilst  the  hind- 
limbs  are  similarly  connected  with  the  trunk  by  means  of  the 
"  pelvic  arch."  In  giving  a  general  description  of  the  parts 
which  compose  the  limbs  and  their  supporting  arches,  it  will 
be  best  to  take  the  case  of  a  Mammal,  and  the  departures 
from  this  type  will  then  be  readily  recognised. 

The  pectoral  or  scapular  arch  consists  usually  of  three  bones, 
the  "scapula"  or  shoulder-blade,  the  "coracoid,"  and  the 
"  clavicle "  or  collar-bone ;  but  in  the  great  majority  of  the 
Mammals,  the  coracoid  is  anchylosed  with  the  scapula,  of 
which  it  forms  a  mere  process.  The  scapula  or  shoulder- 
blade  (fig.  270,  j)  is  usually  placed  outside  the  ribs,  and  it 
forms,  either  alone  or  in  conjunction  with  the  other  bones  of 
the  shoulder-girdle,  the  cavity  with  which  the  upper  arm  is 
articulated.  The  coracoid,  though  rarely  existing  as  a  distinct 
bone  in  the  Mammals,  plays  a  very  important  part  in  other 
Vertebrates.  The  clavides  are  often  wanting,  or  rudimentary, 
and  they  are  the  least  essential  elements  of  the  scapular  arch. 
The  fore-limb  proper  consists,  firstly,  of  a  single  bone  which 
forms  the  upper  arm,  and  which  is  known  as  the  humerus  (A). 
This  articulates  above  with  the  shoulder-girdle,  and  is  followed 
below  by  the  fore-arm,  which  consists  of  two  bones,  called  the 
radius  and  ulna.  Of  these  the  radius  is  chiefly  concerned 
with  carrying  the  hand.  The  radius  and  ulna  are  followed  by 
the  bones  of  the  wrist,  which  are  usually  composed  of  several 
bones,  and  constitute  what  is  called  the  carpus  (d).  These 
support  the  bones  of  the  root  of  the  hand,  which  vaiy  in 
number,  but  are  always  more  or  less  cylindrical  in  shape. 
They  constitute  what  is  called  the  metacarpus.    The  bones  of 
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the  metacarpus  carry  the  digits,  which  also  vary  in  number, 
but  are  composed  each  of  from  two  to  three  cylindrical  bones, 
which  are  known  as  ih^  phalanges  (/). 

Homologous  parts  are,  as  a  rule,  readily  recognisable  in  the 
hind-limb.  The  pelvic  arch,  by  which  the  hind-limb  is  united 
with  the  trunk,  consists  of  three  pieces — the  ilium,  ischium^ 
and  pubes — which  are  usually  anchylosed  together,  and  form 
conjointly  what  is  known  as  the  innominate  bone  (fig.  271, 1).    In 
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Fig.   970W  —  Pectoral  limb 

grm)  of  Chinii>anzee.  (After 
wen),  c  Clavicle ;  «  Scapula 
or  shoulder-blade;  h  Humerus; 
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Fig.  271.— Hind-limb  of  the 
Chimpanzee.  i  Innominate 
bone  :yThigh-bone  or  femur ; 
t  Tibia ;  s  \  ibula ;  r  Bones  of 
the  ankle,  or  tarsus  ;  tn  Meta- 
tarsus ;  p  Phalanges. 


most  Mammals,  the  two  innominate  bones  unite  in  front  by  a 
ligamentous  or  cartilaginous  union,  and  they  constitute,  with 
the  sacrum,  what  is  known  as  the  pelvis.  The  hind-limb  pro- 
per consists  of  the  following  parts: — i.  The  thigh-bone  or 
femuTy  corresponding  with  the  humerus  in  the  fore-limb.     2. 


VERTEBRATA.  305 

The  bones  of  the  shank,  corresponding  with  the  radius  and 
ulna  of  the  fore-limb,  and  known  as  the  tibia  and  fibula.  Of 
these,  the  tibia  is  mainly,  or  altogether,  concerned  in  carrying 
the  foot,  and  it  is  thus  shown  to  correspond  to  the  radius, 
whilst  the  fibula  corresponds  to  the  ulna.  3.  The  small  bones 
of  the  ankle,  known  as  the  tarsus^  and  varying  in  number  in 
different  cases.  4.  A  variable  number  of  cylindrical  bones 
(normally  five),  which  are  called  the  metatarsus ^  and  which 
correspond  to  the  metacarpus.  5.  Lastly,  the  metatarsus  car- 
ries the  digits,  which  consist,  each,  of  from  two  to  three  small 
bones  ox  phaiartgesj  as  in  the  fore-limb. 

The  sub-kingdom  Vertebrata  is  divided  into  the  following 
five  classes : — 

1.  Pisces  (Fishes). — Respiration  by  means  of  gills ;  heart 
usually  two-chambered ;  an  exoskeleton,  in  the  form  of  homy 
scales  or  bony  plates,  generally  present;  blood  cold.  Limbs, 
when  present,  in  the  form  of  fins,  or  expansions  of  the  integu- 
ment supported  by  bony  or  cartilaginous  spines  or  "  rays." 

2.  Amphibia  (Amphibians). — Respiration  at  first  exclusively 
by  gills,  afterwards  by  lungs,  either  alone  or  associated  with 
gills.  Heart  of  the  adult  three-chambered  ;  blood  cold.  The 
skull  connected  with  the  vertebral  column  by  two  occipital 
condyles.  The  limbs,  when  present,  never  converted  into  fins, 
and  composed  of  the  same  parts  as  in  the  higher  Vertebrates. 

3.  Reptilia  (Reptiles). — Respiration  aerial,  by  lungs,  and 
never  by  gills.  Pulmonary  and  systemic  circulations  connected 
together  either  within  the  heart  or  in  its  immediate  neighbour- 
hood. Heart  of  the  adult  three-chambered  in  most;  rarely 
four-chambered.  Blood  cold  Skull  united  to  the  vertebnd 
column  by  one  occipital  condyle.  Exoskeleton  in  the  form 
of  homy  scales  or  bony  plates,  or  both  combined. 

4.  AvEs  (Birds). — Respiration  aerial,  by  lungs,  and  never 
by  gills.  Bronchial  tubes  opening  on  the  surface  of  the  lungs 
into  air-sacs.  A  greater  or  less  number  of  the  bones  almost 
always  hollow  and  filled  with  air.  The  skull  connected  with  the 
vertebral  column  by  a  single  occipital  condyle.  Heart  four- 
chambered  ;  the  pulmonary  and  systemic  circulations  distinct, 
and  the  blood  warm.  Epidermic  appendages  in  the  form  of  fea- 
thers.   Pectoral  limbs  in  the  form  of  wings.    Animal  oviparous. 

5.  Mammalia  (Quadrupeds). — Respiration  aerial,  by  lungs, 
and  never  by  gills.  The  terminations  of  the  air-passages  (bron- 
chi) never  connected  with  air-sacs.  Heart  four- chambered ; 
the  pulmonary  and  systemic  circulations  distinct;  the  blood 
warm.  Skull  connected  with  the  vertebral  column  by  two  arti- 
culating surfaces  or  condyles.    Some  part  or  other  of  the  integu- 

u 


306  VERTEBRATA. 

ment  provided  at  some  time  or  other  with  epidermic  append- 
ages in  the  form  of  hairs.  The  young  nourished  for  a  shorter 
or  longer  time  by  means  of  a  special  fluid — the  milk — secreted 
by  special  glands — ^the  mammary  glands.  Animal  viviparous. 
As  regards  the  general  distribution  in  time  of  the  Vertebrata^ 
the  earliest  known  traces  of  the  existence  of  this  sub-kingdom 
are  found  in  the  Upper  Silurian  Rocks.  Here  are  the  remains  of 
Ganoid  and  Plagiostomous  fishes ;  and  we  may  fairly  anticipate 
that  further  research  will  ultimately  result  j%putting  back  the 
first  appearance  of  Fishes  at  any  rate  to  tlw  Lower  Silurian. 
The  class  of  the  Amphibians  is  not  known  to  have  come  into 
existence  prior  to  the  commencement  of  the  Carboniferous 
period,  but  it  had  attained  a  great  development  before  the 
close  of  this  epoch.  The  class  of  the  true  Reptiles  is  repre- 
sented, by  more  or  less  doubtful  examples  only,  in  the  newer 
Palaeozoic  deposits.  In  the  Mesozoic  Rocks,  however,  the 
development  of  this  class  was  so  great  that  the  Secondary 
period  has  been  termed  the  "  Age  of  Reptiles."  The  class 
Aves  is  doubtfully  represented  by  foot-prints  in  strata  of  the 
age  of  the  Trias  ;  but  no  Palaeozoic  remains  of  this  class  have 
been  as  yet  detected.  The  earliest  undoubted  remains  of 
Birds  occur  in  the  Jurassic  series,  and  the  class  has  continued 
to  be  represented  more  or  less  abundantly  to  the  present  day. 
Lastly,  the  class  of  the  Mammalia^  so  far  as  at  present  known, 
finds  its  earliest  fossil  representative  in  strata  of  the  age  of  the 
Trias  (New  Red  Sandstone).  The  Mammals,  however,  can- 
not be  said  to  be  in  any  way  abundant  as  fossils,  till  we  reach 
the  Eocene  Tertiary.  From  this  point  onward  the  remains  of 
Mammals  are  as  abundant  as,  in  the  nature  of  the  case,  they 
could  reasonably  be  expected  to  be. 


CHAPTER    XXVIIL 

FISHES. 

The  first  class  of  the  Vertebrata  is  that  of  the  Fishes  {Pisces)^ 
which  may  be  broadly  defined  as  including  Vertebrate  animals 
which  are  provided  with  gills  throughout  the  whole  of  life;  the 
hearty  when  present ,  consists  {with  one  exception)  of  a  single  auricle 
and  a  single  ventricle;  the  blood  is  cold ;  the  limbs ^  when  present^ 
are  in  the  form  of  fins ^  or  expansions  of  the  integument. 

In  form.  Fishes  are  adapted  for  rapid  locomotion  in  water, 
the  shape  of  the  body  being  such  as  to  give  rise  to  the  least 
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possible  friction  in  swimming.  To  this  end  also,  as  well  as 
for  purposes  of  defence,  the  body  is  usually  enveloped  with  a 
coating  of  scales  developed  in  the  inferior  or  dennal  layer  of 
the  sltin.  The  more  important  modifications  in  the  form  of 
these  dennal  scales  are  as  follows  ;  I.  Cyc/oid  scales  (fig.  272), 
consisting  of  thin,  flexible,  homy  scales,  circular  or  elliptical 
in  shape,  and  having  a  more  or  less  completely  smooth  outline. 
These  are  the  scales  which  are  characteristic  of  most  of  the 
ordinary  bony  fishgNp  II.  Cimoid  scales  (fig.  273),  also  con- 
sisting of  thin  homy  plates,  but  having  their  posterior  margins 
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fringed  with  spines,  or  cut  into  comb-like  projections.  III. 
Gamid  scales,  composed  of  an  inferior  layer  consisting  of  bone, 
covered  by  a  superficial  layer  of  hard  polished  enamel  (the  so- 
called  "  ganoine  ").  These  scales  (fig.  274)  are  usually  much 
larger  and  thicker  than  the  ordinary  scales,  and  though  they 
are  often  articulated  to  one  another  by  special  processes,  they 
only  rarely  overlap.  IV.  Placsid  scales,  consisting  of  detached 
bony  grains,  tubercles,  or  plates,  of  which  the  latter  are  not 
uncommonly  armed  with  spines. 

It  is  very  important  for  the  geologist  to  recognise  the  charac- 
ters of  these  different  scales,  as  he  may  have  to  decide  upon 
the  characters  of  a  fossil  fish  merely  from  detached  scales. 
Such  decisions,  however,  are  always  more  or  less  hazardous, 
since  the  scales  of  the  different  orders  of  the  living  fishes  are 
not  invariably  of  the  same  kind  in  all  the  forms  of  the  order. 
Thus,  ganoid  scales  are  not  peculiar  to  the  order  of  the  Ganoid 
fishes,  but  occur  also  in  some  of  the  Bony  Fishes  (TeleoiUt), 
The  scales,  also,  form  at  best  but  one  character,  and  they  can 
hardly  be  said  to  constitute  the  most  important  character  of 
any  fish.  A  classification,  therefore,  which  is  based  primarily 
upon  the  nature  of  the  scales,  necessarily  is  more  or  less  "artifi- 
cial," and  is  liable  to  bring  into  juxtaposition  forms  which  have 
no  real  affinity  to  one  another.  For  these  reasons,  most 
zoologists  do  not  accept  the  classification  of  the  Fishes  into  the 
four  orders  of  the  Cycloidei,  Ctmoidd,  Ganoidei,  and  Placotdei, 
since  this  classification,  though  sanctioned  by  such  an  eminent 
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authority  as  Professor  Agassiz,  is  founded  solely  upon  the 
nature  of  the  integumentary  covering.  The  palaeontologist, 
however,  whose  materials  often  consist  of  nothing  more  than 
detached  scales,  is  not  rarely  driven,  by  the  necessity  of  the 
case,  to  provisionally  classify  his  specimens  in  accordance  with 
the  nature  of  these  appendages. 

As  regards  their  true  osseous  system  or  endoskeleton,  Fishes 
vary  very  widely.  In  the  Lancelet  there  can  hardly  be  said 
to  be  any  skeleton,  the  spinal  cord  being  simply  supported  by 
the  gelatinous  notochord,  which  remains  throughout  life.  *  In 
others  the  skeleton  remains  permanently  cartilaginous;  in 
others  it  is  partially  cartilaginous  and  partially  ossified ;  and, 
lastly,  in  most  modem  fishes  it  is  entirely  ossified,  or  converted 
into  bone.  Taking  a  bony  fish  (fig.  275)  as  in  this  respect  a 
typical  example  of  the  class,  the  following  are  the  chief  points 
in  the  osteology  of  a  fish  which  require  notice : — 

The  vertebral  column  in  a  bony  fish  consists  of  vertebrae 
which  are  hollow  at  both  ends,  or  biconcave,  and  are  techni- 
cally said  to  be  "  amphicoelous."  The  cup-like  margins  of  the 
vertebral  bodies  are  united  by  ligaments,  and  the  cavities 
fprmed  between  contiguous  vertebrae  are  filled  with  the  gela- 
tinous remains  of  the  notochord.  This  elastic  gelatinous  sub- 
stance acts  as  a  kind  of  ball-and-socket  joint  between  the 
bodies  of  the  vertebrae,  thus  giving  the  whole  spine  the  extreme 
mobility  which  is  requisite  for  animals  living  in  a  watery 
medium.  The  ossification  of  the  vertebrae  is  often  much  more 
imperfect  than  the  above,  but  in  no  case  except  that  of  the 
Bony  Pike  {Lepidosteus)  is  ossification  carried  to  a  greater 
extent  than  this.  In  this  fish,  however,  the  vertebral  column 
is  composed  of  "  opisthoccelous  "  vertebrae — that  is,  of  vertebrae 
the  bodies  of  which  are  concave  behind  and  convex  in  front. 
The  entire  spinal  column  is  divisible  into  not  more  than  two 
distinct  regions,  an  abdominal  and  a  caudal  r^ion.  The  ab- 
dominal vertebrae  possess  a  superior  or  neural  arch  (through 
which  passes  the  spinal  cord),  a  superior  spinous  process 
(neural  spine),  and  two  transverse  processes  to  which  the  ribs 
are  usually  attached.  The  caudal  vertebrae  (fig.  275)  have  no 
marked  transverse  processes ;  but  in  addition  to  the  neural 
arches  and  spines,  they  give  oflf  an  inferior  or  hcemal  arch 
below  the  body  of  the  vertebrae,  and  the  haemal  arches  carry 
inferior  spinous  processes  (haemal  spines). 

The  ribs  of  a  bony  fish  are  attached  to  the  transverse  pro- 
cesses, or  to  the  bodies,  of  the  abdominal  vertebrae,  in  the  form 
of  slender  curved  bones  which  articulate  with  no  more  than 
one  vertebra  each,  and  that  only  at  a  single  point    Unlike  the 
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ribs  of  the  higher  Vertebrates,  the  ribs  do  not  enclose  a  thoracic 
cavity,  but  are  simply  imbedded  in  the  muscles  which  bound 
the  abdomen.  Usually  each  rib  gives  off  a  spine-like  bone, 
which  is  directed  backwards  amongst  the  muscles,  Inferiorly 
the  extremities  of  the  ribs  are  free,  or  are  rarely  miited  to  der- 
mal ossifications  in  the  middle  line  of  the  abdomen ;  but  there 
is  never  any  breast-bone  or  sternum  properly  so  called. 


nteleton  of  the  oonmon  Ptrch  (Pma  JluvialUa).    p  PntonI  fin ;  p  One 


The  only  remaining  bones  connected  with  the  skeleton  of 
the  trunk  are  the  so-called  interspinous  bimes  {fig.  275,  /  (). 
These  form  a  series  of  dagger-shaped  bones  plunged  in  the 
middle  line  of  the  body  between  the  great  lateral  muscles 
which  make  up  the  greater  part  of  the  body  of  a  fish.  The 
internal  ends  or  points  of  the  interspinous  bones  are  attached 
by  ligament  to  the  spinous  processes  of  the  vertebrae ;  whilst 
to  their  outer  ends  are  articulated  the  "  rays  "  of  the  so-called 
"  median  "  fins,  which  will  be  hereafter  described.  As  a  rule, 
there  is  only  one  interspinous  bone  to  each  spinous  process, 
but  in  the  Flat-fishes  {Sole,  Turbot,  &c.)  there  are  two. 

Beside  the  fins  which  represent  the  limbs  {pectoral  and 
ventral  fins),  fishes  possess  other  fins  placed  in  the  middle  line 
of  the  body,  and  all  of  these  alike  are  supported  by  bony  spines 
or  "rays,"  which  are  of  two  kinds,  termed  respectively  "  spi- 
nous rays  "  and  "  soft  rays."  The  "  spinous  rays "  are  simple 
bony  spines,  apparently  composed  of  a  single  piece  each,  but 
really  consisting  of  two  halves  firmly  united  along  the  middle 
line.    The  "  soft  rays  "  are  composed  of  sever^  slender  spines 
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proceeding  from  a  common  base,  and  all  divided  transversely 
into  numerous  short  pieces.  The  soft  rays  occur  in  many  fishes 
in  different  fins,  but  they  are  invariably  found  in  the  caudal 
fin  or  tail  (fig.  275,  c).  The  rays  of  the  median  fins,  whatever 
their  character  may  be,  always  articulate  by  a  hinge-joint  with 
the  heads  of  the  interspinous  bones. 

The  skull  of  the  bony  fishes  is  an  extremely  complicated 
structure,  and  it  is  impossible  to  enter  into  its  composition 
here.  The  only  portions  of  the  skull  which  require  special 
mention  are  the  bones  which  form  the  gill-cover  or  operculum. 
For  reasons  connected  with  the  respiratory  process  in  fishes, 
there  generally  exists  between  the  head  and  the  scapular  arch 
a  great  cavity  or  gap  on  each  side,  within  which  are  contained 
the  branchise.  The  cavity  thus  fonned  opens  externally  on 
each  side  of  the  neck  by  a  single  vertical  fissure  or  "  gill-slit," 
closed  by  a  broad  flap,  called  the  "  gill-cover  "  or  "  operculum," 
and  by  a  membrane  termed  the  "  branch iostegal  membrane." 

The  gill-cover  (fig.  276,/,  0,  s,  i)  is  composed  of  a  chain  of 
broad  flat  bones,  termed  the  opercular  bones.     Of  these,  the 
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innermost  articulates  with  the  skull  (tympano-mandibular  arch), 
and  is  called  the  "  pne-operculum ; "  the  next  is  a  large  bone 
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called  the  "  operculum  "  proper ;  and  the  remaining  two  bones, 
called  respectively  the  "  sub-operculum  "  and  "  inter-opercu- 
lum,"  form,  with  the  operculum  proper,  the  edge  of  the  gill- 
cover.  These  various  bones  are  united  together  by  membrane, 
and  they  form  collectively  a  kind  of  movable  door,  by  means  of 
which  the  branchial  chamber  can  be  alternately  opened  and 
shut.  Besides  the  gill-cover,  however,  the  branchial  chamber 
is  closed  by  a  membrane  called  the  "  branchiostegal  mem- 
brane," which  is  attached  to  the  os  hyoides.  The  membrane 
is  supported  and  spread  out  by  a  number  of  slender  curved 
spines,  which  are  attached  to  the  lateral  branches  of  the  hyoid 
bone,  act  very  much  as  the  ribs  of  an  umbrella,  and  known  as 
the  "branchiostegal  rays"  (fig.  276,  d). 

The  limbs  of  fishes  depart  considerably  fi'om  the  typical  form 
exhibited  in  the  higher  Vertebrates.  One  or  both  pairs  of 
limbs  may  be  wanting,  but  when  present  the  limbs  are  always 
in  the  form  oi  Jins — that  is,  of  expansions  of  the  integument 
strengthened  by  bony  or  cartilaginous  fin-rays.  The  anterior 
limbs  are  known  as  the  pectoral  fins,  and  the  posterior  as  the 
ventral  fins;  and  they  are  at  once  distinguished  from  the 
so-called  "  median  "  fins  by  being  always  disposed  in  pairs, 
usually  symmetrically.  Hence  they  are  often  spoken  of  as  the 
paired  fins. 

The  fore-limbs  or  pectoral  fins  possess  in  a  modified  form 
most  of  the  bones  which  are  present  in  the  anterior  extremities 
of  the  higher  Vertebrata.  They  vary  much  in  size  and  in  other 
characters.  Sometimes  they  are  enormously  expanded,  as  in 
the  Flying-fish  {Eococcetus) ;  and  at  other  times  they  form  merely 
a  pair  of  paddles,  as  in  the  extinct  Pterichthys,  The  hind- 
limbs  or  ventral  fins  are  wanting  in  many  fishes,  and  they  are 
less  developed  and  less  fixed  in  position  than  are  the  pectorals. 
In  some  cases  the  ventral  fins  are  "  abdominal "  in  position, 
and  are  placed  more  or  less  towards  the  hinder  part  of  the 
body  (as  in  the  Sharks,  Ganoids,  and  Mud-fishes).  In  other 
cases,  they  are  "  thoracic,"  that  is,  they  are  placed  beneath  the 
pectorals ;  and  in  some  cases  they  are  situated  on  the  sides  of 
the  neck  in  advance  of  the  pectorals,  when  they  are  said  to  be 
"jugular."  In  these  cases,  the  pelvic  arch  is  attached  to  the 
pectoral  arch,  and  is  therefore  wholly  removed  from  its  normal 
position. 

In  addition  to  the  pectoral  and  ventral  fins — the  homologues 
of  the  limbs — ^which  may  be  wanting,  fishes  are  furnished 
with  certain  other  expansions  of  the  integument,  which  are 
"  median"  in  position,  and  must  on  no  account  be  confounded 
with  the  true  "  paired  "  fins.    These  median  fins  are  variable 
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in  number,  and  in  some  cases  there  is  but  a  single  fringe 
running  round  the  posterior  extremity  of  the  body.  In  all 
cases,  however,  the  median  fins  are  "azygous" — that  is  to 
say,  they  occupy  the  middle  line  of  the  body,  and  are  not 
s)rmmetrically  disposed  in  pairs.  Most  commonly,  the  median 
fins  consist  of  one  or  two  expansions  of  the  dorsal  integument, 
called  the  "dorsal  fins"  (fig.  277,  d  if) ;  one  or  two  on  the 
ventral  surface  near  the  anus — the  "anal  fins"  (fig.  277,  <z); 
and  a  broad  fin  at  the  extremity  of  the  vertebral  column,  called 
the  "  caudal  fin  "  or  tail  (c).  In  all  cases,  the  rays  which  sup- 
port the  median  fins  are  articulated  with  the  so-called  inter- 
spinous  bones,  which  have  been  previously  described.  Though 
called  "  median,"  fi-om  their  position  in  the  middle  line  of  the 
body,  and  from  their  being  unpaired,  the  median  fins  of  Fishes, 
as  shown  by  Goodsir  and  Humphrey,  are  truly  to  be  regarded 
as  formed  by  the  coalescence  of  two  lateral  elements  in  the 
mesial  plane  of  the  body. 


Fig.  377. — Outline  of  a  fish  (Ptrca  ^ranulata)^  showing  the  paired  and  unpaired  fins. 
P  One  01  the  pectoral  fins ;  v  One  of  tne  ventral  fins ;  d  First  dorsal  fin  ;  d'  Second  dor- 
sal fin ;  a  Anal  fin  ;  c  Caudal  fin. 

The  caudal  fin  or  tail  of  fishes  is  always  set  vertically  at  the 
extremity  of  the  spine,  so  as  to  work  from  side  to  side,  and  it 
is  the  chief  organ  of  progression  in  the  fishes.  In  its  vertical 
position  and  in  the  possession  of  fin-rays,  it  differs  altogether 
from  the  horizontal  integumentary  expansion  which  constitutes 
the  tail  of  the  Whales,  Dolphins,  and  Sirmia  (Dugong  and 
Manatee).  In  the  form  of  the  tail,  fishes  exhibit  two  very  dis- 
tinct types  of  structure,  termed  respectively  the  "  homocercal " 
and  "  heterocercal "  type  of  tail  (fig.  278).  The  homocercal 
tail  is  the  one  which  most  commonly  occurs  in  our  modem 
fishes,  and  it  is  characterised  by  the  fact  that  the  two  lobes  of 
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the  taQ  are  equal,  and  the  vertebral  column,  instead  of  being 
prolonged  into  the  upper  lobe  of  the  tail,  stops  short  at  its 
base.    In  the'  heterocercal  tail,  on  the  other  hand,  the  vertebral 
column  is  prolonged  into  the  up- 
per lobe  of  the  tail,  so  that  the 
tail  becomes  unequally  lobed,  its 
greater  portion  being  placed  be- 
low the  spine.     Even  where  the 
vertebral    column    is    not   pro- 
longed into  the  upper  lobe,  the 
tail    may  nevertheless   become 
heterocercal,  in  consequence  of 
a    great    development   of    the 
hasmal  spines  as  compared  witli 
the  neural  spines  of  the  vertebrie. 
As  regards  their  general  dis- 
tribution in  time,  the  geological 
history  of  fishes  presents  some 
points  of  peculiar  interest     Of 
all  the  classes  of  the  great  sub- 
kingdom     Vertarala,  the  fishes  _ 
are  the  lowest  in   point  of  or-    er^ereJ  tJr(s7i^icl^>" " 
ganisation.     It  might  therefore 

have  been  reasonably  expected  that  they  would  present  us 
with  the  first  indications  of  vertebrate  life  upon  the  globe  j 
and  such  is  indeed  the  case.  After  passing  through  the  enor- 
mous group  of  deposits  known  as  the  Laurentian,  Huronian, 
Cambrian,  and  Lower  Silurian  formations — representing  an 
immense  lapse  of  time  during  which,  so  far  as  we  yet  know, 
no  vertebrate  animal  had  been  created — we  find  in  the  Upper 
Silurian  Rocks  the  first  traces  of  fish.  The  earliest  of  these,  in 
Britain,  is  found  in  the  base  of  the  Ludlow  Rocks  (Lower  Lud- 
low Shale),  and  belongs  to  the  placoganoid  genus  Pieraspis. 
Also  in  the  Ludlow  Rocks,  but  at  the  summit  of  their  upper 
division,  are  found  fin-spines  and  shagreen,  probably  belonging 
to  Cestraciont  fishes — that  is  to  say,  to  fishes  of  as  high  a 
grade  of  organisation  as  the  Elasmobranchii.  So  abundant 
are  the  remains  of  fishes  in  the  next  great  geological  epoch — 
namely,  the  Devonian  or  Old  Red  Sandstone — that  this  period 
has  frequently  been  designated  the  "  Age  of  Fishes."  Most  of 
the  fishes  of  the  Old  Red  Sandstone  belong  to  the  order  Gan- 
oidd.  In  the  Carboniferous  and  Permian  Rocks,  which  close 
the  Palaeozoic  period,  most  of  the  fishes  are  still  Ganoid,  but 
the  former  contain  the  remains  of  many  Plagiostomous  fishes. 
At  the  dose  of  the  Paleozoic  and  the  commencement  of  the 
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Mesozoic  epoch,  the  Ganoid  fishes  begin  to  lose  that  predomi- 
nant position  which  they  before  occupied,  though  they  continue 
to  be  represented  through  the  whole  of  the  Mesozoic  and  Kain- 
ozoic  periods  up  to  the  present  day.  The  Ganoids,  therefore, 
are  an  instance  of  a  family  which  has  endured  through  the 
greater  part  of  geological  time,  but  which  early  attained  its 
maximum,  and  has  been  slowly  dying  out  ever  since.  Towards 
the  close  of  the  Mesozoic  period  (in  the  Cretaceous  period)  the 
great  order  of  the  Teleostean  or  Bony  fishes  is  for  the  first  time 
known  certainly  to  have  made  its  appearance.  The  orders 
of  the  Marsipohranchii^  Fharyngobranchii,  and  Dipnoi  have 
not  left,  so  far  as  is  known,  any  traces  of  their  existence  in 
past  time.  Judging  from  analogy,  however,  it  is  highly  pro- 
bable that  the  two  former  of  these  must  have  had  a  vast  anti- 
quity, and  it  is  not  impossible  that  the  so-called  "Conodonts" 
from  the  Lower  Silurian  Rocks  of  Russia  may  yet  be  shown  to 
be  the  horny  teeth  of  fishes  allied  to  the  Lampreys.  At  pre- 
sent, however,  the  weight  of  evidence  is  in  favour  of  looking 
upon  these  problematical  little  bodies  as  probably  referable  to 
some  of  the  Invertebrata, 

These  so-called  "Conodonts"  are  microscopic  in  their 
dimensions,  and  have  the  form  of  "  minute,  glistening,  slender, 
conical  bodies,  hollow  at  the  base,  pointed  at  the  end,  more  or 
less  bent,  with  sharp  opposite  margins"  (Owen).  They  show 
no  trace  of  dental  structure,  and  Professor  Owen  concludes 
that  they  "  have  most  analogy  with  the  spines,  or  booklets,  or 
denticles  of  Naked  Molluscs  and  Annelides.'' 

It  is  also  to  be  borne  in  mind  that,  though  it  has  not  yet 
been  possible  to  definitely  refer  any  fossil  fishes  to  the  order 
of  the  Dipnoi,  recent  discoveries  have  rendered  it  extremely 
probable  that  some  well-known  extinct  types  really  belong  to 
this  order.  Thus,  the  great  "  Barramunda ''  ( Ceratodus  Fosteri) 
of  the  rivers  of  Queensland  would  seem  to  be  truly  referable  to 
the  Triassic  genus  Ceratodus,  in  which  case  this  latter  must  be 
removed  to  the  Dipnoi,  This  remarkable  fish  also  presents 
some  striking  points  of  resemblance  with  certain  extinct 
Ganoids,  such  as  Dipterus.  Upon  the  whole,  therefore,  there 
are  good  grounds  for  accepting  Dr.  Gunther's  suggestion  that 
the  Dipnoi  should  be  regarded  as  a  mere  sub-order  of  the 
Ganoids. 

In  the  following  chapter  are  given  the  orders  of  the  Fishes, 
with  the  leading  characters  and  geological  distribution  of  each. 
The  order,  however,  of  the  Pharyngobranchii  (comprising  only 
the  living  Lancelet),  and  that  of  the  Marsipobranchii  (compris- 
ing the  Lampreys  and  Hag-fishes),  may  be  here  dismissed,  as 
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they  are  not  known  to  be  represented  by  any  fossil  forms. 
There  remain,  therefore,  for  consideration  the  orders  of  the 
Teleostei  (Bony  Fishes),  Ganoidd  (Ganoids),  Elasmobranchii 
(Sharks  and  Rays),  and  Dipnoi  (Mud-fishes). 


CHAPTER     XXIX- 

ORDERS  OF  FISHES. 

Order  I.  Teleostei. — This  order  includes  the  great  majority 
of  fishes  in  which  there  is  a  well-ossified  endoskeleton,  and  it 
corresponds  very  nearly  with  Cuvier's  division  of  the  "  osse- 
ous" fishes.  The  Teleostei  BXt  defined  as  follows: — The  skele- 
ton is  usually  well  ossified;  the  cranium  is  provided  with  cranial 
bones^  and  a  mandible  is  present;  whilst  the  vertebral  column 
almost  always  consists  of  more  or  less  completely  ossified  vertebrce. 
The  pectoral  arch  has  a  clavicle;  and  the  two  pairs  of  limbs,  when 
present,  are  in  the  form  of  fins  supported  by  rays.  The  gills  are 
free,  pectinated  or  tufted  in  shape,  a  bony  gill-cover  and  branchio- 
stegal  rays  being  always  developed.  The  branchicU  artery  has  its 
base  developed  into  a  bulbus  arteriosus;  but  this  is  never  rhythmi- 
cally contractile,  and  is  separated  from  the  ventricle  by  no  more 
than  a  single  row  of  valves. 

The  scales  in  the  Teleostean  fishes  are  generally  thin,  homy, 
flexible  plates,  which  overlap  one  another,  and  have  the  "  cy- 
cloid "  or  "  ctenoid  "  characters.  The  order,  therefore,  corres- 
ponds, in  a  general  way,  with  the  orders  Ctenoidei  and  Cycloidei 
of  Agassiz.  Some  of  tiie  Teleostean  fishes,  however,  are  pro- 
vided with  ganoid  scales. 

Excluding  the  Leptolepidce,  which  are  sometimes  referred  to 
this  order,  the  Teleostei  ^o  not  seem  to  have  any  representatives 
in  times  anterior  to  the  Cretaceous  period — that  is,  towards  the 
close  of  the  Mesozoic  period.  From  this  time  on,  however.  Bony 
Fishes  with  cycloid  or  ctenoid  scales  are  the  chief  fossil  repre- 
sentatives of  the  whole  class  of  the  fishes,  and  the  order 
appears  to  have  attained  its  maximum  at  the  present  day. 

The  order  Teleostei  is  divided  into  the  following  sub-orders : 

Sub-order  A.  Malacopteri,  Owen  (=  Physostomata,  Miil- 
ler). — This  sub-order  is  defined  by  usually  possessing  a  com- 
plete set  of  fins,  supported  by  rays,  all  of  which  are  •*  soft "  or 
many-jointed,  with  the  occasional  exception  of  the  first  rays  in 
the  dorsal  and  pectoral  fins.    A  swim-bladder  is  always  present. 
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and  always  communicates  with  the  oesophagus  by  means  of  a 
duct,  which  is  the  homologue  of  the  windpipe.  The  skin  is 
rarely  naked,  and  is  mostly  furnished  with  cycloid  scales ;  but 
in  some  cases  ganoid  plates  are  present 

The  more  important  families  comprised  in  this  sub-order  arc 
the  Muranida  (Eels),  the  Clupeida  {Herrings),  the  Pikes 
{Esocida),  the  Cyprinikte  {Carp,  Chub,  Barbel,  &c),  and  the 
Saimonidm  (Salmon  and  Trout).  Few  of  these  families  ap- 
peared in  rocks  older  than  the  Eocene  Tertiary.  The  Salmon- 
ida  are  only  sparsely  represented  in  deposits  older  than  those 
of  the  Post-Tertiary  epoch.  The  Cyprinidte  and  Esocida  are 
both  represented  in  the  fresh-water  deposits  of  the  Tertiary 
period,  and  the  Muranidte  appear  for  the  first  time  in  the 
Eocene.    The  genus  Oimeroides  (fig.  279)  has  been  referred 


to  a  position  in  the  neighbourhood  of  the  Salmonida,  and 
dates  from  the  Cretaceous  period.  The  Clupeoids,  also, 
make  their  first  appearance  in  the  Cretaceous  period.  Also 
in  this  group  are  the  Sheat-fishes  {Silurida),  which  are  chiefly 
noticeable  because  they  are  amongst  the  small  number  of 
living  fishes  possessed  of  structures  of  the  same  nature  as 
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the  fossil  spines  known  as  "  ichthyodorulites,"  The  structure 
in  question  consists  of  the  first  ray  of  the  pectoral  fins,  which 
is  largely  developed  and  constitutes  a  forroidable  spine,  which 
the  animal  can  erect  and  depress  at  pleasure.  Unlike  the  old 
"  ichthyodorulites,"  however,  the  spines  of  the  Silurida  have 
their  bases  modified  for  articulation  with  another  bone,  and 
they  are  not  simply  hollow  and  implanted  in  the  flesh.  The 
"Siluroids  "  are  also  remarkable  for  their  resemblance  to  cer- 
tain of  the  extinct  Ganoid  fishes  {t.g.,  Pterichthys,  Coccosteus, 
&c.),  caused  by  the  fact  that  the  head  is  protected  with  an  exo- 
skeleton  of  derma!  bones.  The  Siluroid  fishes,  however,  are 
hardly  represented  at  all  in  the  fossil  state,  being  only  known 
by  two  or  three  doubtful  Tertiary  examples. 

Sub-order  B.  Anacanthini. — This  sub-order  is  distin- 
guished by  the  fact  that  the  fins  are  entirely  supported  by 
"  soft  "  rays,  and  never  possess  "  spiny"  rays  ;  whilst  the  ven- 
tral fins  are  either  wanting,  or,  if  present,  are  placed  under  the 
throat,  beneath  or  in  advance  of  the  pectorals,  and  supported 
by  the  pectoral  arch.  The  swim-bladder  may  be  wanting,  but 
when  present  it  does  not  communicate  with  the  oesophagus  by 
a  duct. 

The  onlyimportant  families  in  this  sub-order  are  the  Gadidte 
(Cod-family)  and  the  Pleuronedida  (Flat  Fishes).    The  Gadida 


Fig.  18a— JftiwrjM  Muri'mi 


comprise  the  living  Cod,  Haddock,  Whiting,  &c.,  and  appear 
to  date  their  existence  from  the  Eocene  Tertiary.  The  Pleura- 
nedida  comprise  the  living  Sole,  Flounder,  Plaice,  and  the 
like,  in  which  the  body  is  very  much  compressed  from  side  to 
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side,  and  is  bordered  by  long  dorsal  and  anal  fins.  The  bones 
of  the  head  are  twisted  in  such  a  manner  that  both  eyes  are 
brought  to  one  side  of  the  body.  The  fish  keeps  this  side  up- 
permost, and  is  dark-coloured  on  this  aspect ;  whilst  the  oppo- 
site side,  on  which  it  rests,  is  white.  The  mouth  has  the  two 
sides  unequal,  the  pectorals  are  rarely  of  the  same  size,  the 
ventrals  look  like  a  continuation  of  the  anal  fin,  and  the  bran- 
chiostegal  rays  are  six  in  number.  The  PUuronectida  are  only 
known  by  two  or  three  fossils,  of  which  the  oldest  is  the  little 
Rhombus  minimus  (fig.  280)  of  the  Eocene  deposits  of  Monte 
Bolca. 

Sub-order  C.  Acanthopteri. — This  sub-order  is  character- 
ised by  the  fact  that  one  or  more  of  the  first  rays  in  the  fins  are 
in  the  form  of  true,  unjointed,  inflexible,  **  spiny  "  rays.  The 
exoskeleton  consists,  as  a  rule,  of  ctenoid  scales.  The  ventral 
fins  are  generally  beneath  or  in  advance  of  the  pectorals,  and 
the  duct  of  the  swim-bladder  is  invariably  obliterated. 

The  chief  living  families  of  this  sub-order  are  the  Perch 
family  {Percida\  the  Mullets  {Mugiiidai\  the  Mackerel  family 
{Scomberida\  the  Gurnards  {Sckrogmida)^  the  Blennies  {Blm- 
niid4e)y  the  Gobies  {Gobiida)^  and  the  Chgetodons  {Chatodon- 
Hda),  The  fossil  representatives  of  this  sub-order  are  mainly 
Tertiary ;  but  the  genus  Beryx  (fig.  279)  dates  from  the  Cre- 
taceous period.  In  the  Eocene  Tertiary  of  Monte  Bolca  occur 
several  remarkable  forms,  of  which  one  of  the  most  singular  is 
the  Chaetodont  genus  Platax  (fig.  281). 

Sub-order  D.  Plectognathi. — This  sub-order  is  charac- 
terised by  the  fact  that  the  maxillary  and  premaxillary  bones 
are  immovably  connected  on  each  side  of  the  jaw.  The  endo- 
skeleton  is  only  partially  ossified,  and  the  vertebral  column 
often  remain;  permanently  cartilaginous.  The  exoskeleton  is 
in  the  form  of  ganoid  plates,  scales,  or  spines.  The  ventral 
fins  are  generally  wanting,  and  the  air-bladder  is  destitute  of 
a  duct 

This  sub-order  includes  the  living  Trunk-fishes  {OsircLcum- 
tida),  File-fishes  {BalisiidcB)^  and  Globe-fishes  {GymrwdontidcB), 
The  fossil  forms  are  few  in  number,  and  the  earliest  date  from 
the  Eocene  Tertiary.  They  are  chiefly  noticeable  for  the  re- 
semblance to  the  true  Ganoid  fishes,  produced  by  their  parti- 
ally ossified  endoskeleton  and  by  their  possession  of  ganoid 
scales. 

Sub-order  E.  Lophobranchii. — This  is  a  small  and  unim- 
portant group,  mainly  characterised  by  the  peculiar  structure 
of  the  gills,  which  are  arranged  in  little  tufts  upon  the  branchial 
arches,  instead  of  the  comb-like  plates  of  the  typical  bony 
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fishes.  The  endoskeleton  is  only  partially  converted  into  bone, 
and  the  exoskeleton,  by  way  of  compensation,  consists  of 
ganoid  plates.     The  swim-bladder  is  destitute  of  an  air-duct 

This  sub-order  comprises  the  living  Pipe-fishes  {Syagna- 
thida)  and  Sea-horses  (Hippocampidie).  A  few  fossil  forms  are 
known,  dating  from  the  Eocene  Tertiary. 


Fig.  lii.—J'litlai  ailHtimui,  a  Uunodoni  ftoi 


Eocene  Tcwtixry  of  Monic  6 


Order  II.    Ganoidei. — The   order  of  the  true  Ganoid 
Fishes  may  be  deAned  by  the  follovring  characters. — TA£  endo- 
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skeleton  h  only  partially  ossified,  the  vertdfral  column  mostly  re- 
^main§ng  cartilaginous  throughout  life,  especially  amongst  t/ie  extinct 
forms  of  the  Palceozoic  period,  in  which  the  notocliord  is  persistent. 
The  skull  is  furnished  with  distinct  cranial  bones,  and  the  lower 
jaw  is  present.  The  exoskeUton  is  in  the  form  of  ganoid  scales, 
plates,  or  spines.  There  are  usucUly  two  pairs  of  limbs,  in  the 
form  of  fins,  each  supported  by  fin-rays.  The  first  rays  of  the  fins 
are  mostly  in  the  form  of  strong  spines.  The  pectoral  arch  lias  a 
clavicle,  and  the  posterior  limbs  {ventrcUfins)  are  placed  close  to  the 
anus.  ThecaudcUfin  is  mostly  unsymmetrical or  "  heterocercal'* 
The  swim-bladder  is  always  present,  is  often  cellular,  and  is  pro- 
vided with  an  air-duct.  The  intestine  is  often  furnished,  with  a 
spiral  valve.  The  gills  and  opercular  apparatus  are  essentially 
the  same  cts  in  the  Bony  fishes.  The  heart  has  one  auricle  and  a 
ventricle,  and  the  base  of  the  branchial  artery  is  dilated  into  a 
bulbus  arteriosus,  which  is  rhythmically  contractile,  is  furnished 
with  a  distinct  coat  of  striated  muscular  fibres,  and  is  provided 
with  several  transverse  rows  of  valves. 

Of  these  characters,  those  which  it  is  most  important  to 
remember  are  the  following  : — 

I.  The  endoskeleton  is  rarely  thoroughly  ossified,  but  varies  a 
good  deal  as  to  the  extent  to  which  ossification  is  carried.  In 
some  forms,  including  most  of  the  older  members  of  the  order, 
the  chorda  dorsalis  is  persistent,  no  vertebral  centra  are  de- 
veloped, and  the  skull  is  cartilaginous,  and  is  protected  by 
ganoid  plates.  Even  in  these  forms,  however,  the  peripheral 
elements  of  the  vertebrae  are  ossified.  In  others,  the  bodies  of 
the  vertebrae  are  marked  out  by  osseous  or  semi-cartilaginous 
rings,  enclosing  the  primitive  matter  of  the  notochord.  In 
others,  the  vertebrae  are  like  those  of  the  Bony  fishes — that  is 
to  say,  deeply  biconcave  or  "  amphiccelous."  In  one  Ganoid, 
however — the  Bony  Pike  {Lepidosteus) — the  vertebral  column 
consists  of  a  series  of  "  opisthocoelous  "  vertebrae — that  is  to 
say,  vertebrae  which  are  convex  in  front  and  concave  behind. 
This  is  the  highest  point  of  development  reached  in  the  spinal 
column  of  any  fish,  and  its  structure  is  more  Reptilian  than 
Piscine. 

II.  The  exoskeleton  consists,  in  all  Ganoid  fishes,  of  scales, 
plates,  or  spines,  which  are  said  to  possess  ganoid  characters. 
The  peculiarities  of  these  scales  are  that  they  are  composed  of 
two  distinct  layers — an  inferior  layer  of  bone  and  a  superficial 
covering  of  a  kind  of  enamel,  somewhat  similar  to  the  enamel 
of  the  teeth,  called  "ganoine."  In  form  the  ganoid  scales 
most  generally  exhibit  themselves  as  rhomboidal  plates,  placed 
edge  to  edge,  without  overlapping,  in  oblique  rows,  the  plates 
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of  each  row  being  often  articulated  to  those  of  thTlext  itf 
distinct  processes.  In  other  cases  the  ganoid  structures  jire 
simply  in  the  form  of  detached  plates,  tubercles,  or  spines;  and 
in  some  cases  their  sAape  is  even  undistinguishable  from  4ite 
homy  scaies  of  the  typical  Teleostean  fishes.  In  all  caseis, 
however,  whatever  their  form  may  be,  they  have  the  distinctive 
ganoid  structure,  being  composed  of  an  inferior  layer  of  true 
bone  and  a  superior  layer  of  enamel.  It  is  to  be  remembered, 
however,  that  these  ganoid  plates  and  scales  are  not  confined 
to  the  fishes  of  the  order  Ganoidei,  but  that  they  occur  in  two 
sub-orders  of  the  Bony  Fishes — namely,  the  Plectognathi  and 
Lopiwbranchii — and  in  some  others  of  the  Tdeosta  as  well. 

III.  As  to  the  fins,  both  pectorals  and  ventrals  are  usually 
present,  and  the  ventrals  are  always  placed  far  back,  in  the 
neighbourhood  of  the  anus,  and  are  never  situated  in  the  im- 
mediate vicinity  of  the  pectorals.  In  some  living  and  many 
extinct  forms  the  fin-rays  of  the  paired  fins  are  arranged  so  as 
to  form  a  fringe  round  a  central  lobe  (fig.  28a),     This  struc- 


Fig.  j8i, -Ganoid  Fishes.  A,  PolypttnalrKr-TlC,;  B,  Ojlrs/tfb  leHincI).  n  One 
of  the  pecior^L  fin<,  flha^ing  Ihc  fiik-FAyi  itrranted  round  a  cenlral  Lobe  ;  t  One  of  Ihe 
vemra]  Riai  f  Anal  lin  ;  ^cf  Doru]  ^n  ;  if  Second  dorul  fin- 

ture  characterises  a  division  of  Ganoids  called  by  Huxley,  for 
this  reason,  Crossaptery^diz,  or  "fringe-finned."  The  form  of 
the  caudal  fin  varies,  the  Ganoids  being  in  this  respect  inter- 
mediate between  the  Bony  fishes,  in  which  the  tail  is  "  homo- 
cereal,"  and  the  Sharks  and  Rays,  in  which  there  is  a  "  hetero- 
cercal"  caudal  fin.  In  the  majority  of  Ganoids,  then,  the  tail 
is  unsymmetrical  or  "  heterocercal,"  but  it  is  sometimes  equi- 
lobed  or  "  homocercal." 
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As  regards  the  general  distribution  in  time  of  the  Ganoidei^ 
the  oldest  representatives  of  the  fishes  belong,  so  far  as  is  yet 
known  with  certainty,  to  this  order.  The  order,  namely,  is 
represented  in  the  Upper  Silurian  Rocks  of  Bohemia  and 
Britain  by  several  Ganoid  fishes,  which  have  been  referred  to 
five  distinct  genera.  In  the  Devonian  Rocks,  or  Old  Red 
Sandstone,  the  Ganoids  attain  their  maximum.  The  singular 
family  of  the  Cephalaspida  appears  to»die  out  finally  at  the 
close  of  this  period,  and  the  great  group  of  the  Crossopterygidce 
attained  here  its  highest  development,  being  represented  at  the 
present  day  by  the  single  genus  Polypterus.  The  Carboniferous 
and  Permian  Rocks  contain  an  abundance  of  Lepidoganoids. 
In  the  Mesozoic  period,  the  Lepidoganoids  are  very  largely 
represented  by  various  extinct  types,  many  of  which  belong  to 
the  family  of  the  Lepidosteida — represented  at  the  present  day 
by  the  Bony  Pike  or  Gar-pike  of  North  America.  Here,  also, 
we  have  for  the  first  time  representatives  of  the  family  of  the 
SturionidcBf  to  which  the  living  Sturgeons  belong.  Lastly,  in 
the  Oolitic  Rocks  appear  for  the  first  time  Lepidoganoids  with 
homocercal  tails,  and  they  continue  to  be  represented  up  to 
the  present  day.  In  the  Tertiary  Rocks  true  Sturgeons  {Ad- 
penser)  make  their  appearance  ]  but  the  Ganoids  are  now  con- 
siderably outnumbered  by  the  Teleostean  fishes ;  and  the  latter 
have  a  still  more  marked  predominance  at  the  present  day. 

The  classification  of  the  Ganoid  Fishes  has  hitherto  proved  a 
matter  of  extreme  difficulty ;  and  probably  no  arrangement 
that  has  been  as  yet  proposed  can  be  regarded  as  being,  in  all 
its  details,  more  than  provisional.  A  convenient  primary 
division  is  that  into  Lepidoganoids^  in  which  the  body  is 
furnished  with  scales  of  moderate  size,  and  the  endoskeleton 
is  generally  more  or  less  perfectly  ossified ;  and  Placoganoids^ 
in  which  the  skeleton  is  imperfectly  ossified,  and  the  head  and 
more  or  less  of  the  body  are  protected  by  large  ganoid  plates, 
which  in  many  cases  are  united  together  by  sutures.  Accept- 
ing this  division,  the  order  Ganoidei  may  be  divided  into  the 
following  sub-orders : — 

Section  i.   LEPiDOGANomEi. 

Sub-order  A.  Amiada, 

B.  Lepidosteida, 

• C.  LepidopUurida, 

D.  CrossopterygidiB, 

E.  AcatUhodida, 

Section  2.   Placoganoidei. 

Sub-order  F.  Ostracostei, 
G.  SturiorwUe, 
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The  position  of  at  least  two  of  these  sub-orders  (viz.,  Acan- 
thodidas  and  Ostracostei)  in  the  order  of  the  Ganoids  is  question- 
able; whilst  the  Sturionida  have  been  referred  elsewhere.  In 
any  case,  the  number  of  forms  included  in  these  sub-orders  is 
so  large  that  nothing  more  can  be  done  here  than  simply  to 
draw  attention  to  some  of  the  more  striking  examples  of  each. 

Sub-order  A.  Am[ad«. — In  this  sub-order  are  included 
Ganoids  in  which  the  scales  are  rounded  and  overlap  one  an- 
other, and  the  tail  is  homocercal.  The  vertebral  column  is 
ossified,  and  the  external  appearance  approaches  closely  to 
that  of  an  ordinary  Teleostean  fish.  A  few  fossil  forms  from 
the  Tertiary  Rocks  have  been  more  or  less  doubtfully  referred 
to  this  group ;  and  the  sub-order  is  represented  at  the  present 
day  by  various  American  fishes,  all   belonging  to  the  genus 

Sub-order  B.  Lepidosteidal  —  Scales  rhomboidal,  not 
overlapping;  tail  heterocercal,  sometimes  homocercal ;  paired 
fins  not  lobate ;  fin-borders  generally  with  fulcral  scales  ;  true 
branch iostegal  rays.  This  sub-order  is  represented  at  the 
present  day  by  the  Gar-pike  {Lepidostms)  of  the  North  Ameri- 
can continent,  and  it  attained  its  greatest  development  in  the 
Mesozoic  period.  The  exact  range  of  the  sub-order  in  time  is 
uncertain,  as  it  has  not  yet  been  determined  what  forms  should 
be  included  in  it.  If  Chdrolepis  be  excluded,  the  sub-order  is 
not  represented  at  all  in  the  Devonian  Rocks.  In  the  Car- 
boniferous and  Permian  Rocks  the  sub-order  is  mainly  repre- 
sented by  the  genera  Palaoniscus  and  Amblyptems  (fig.  183),  in 
which  the  tail  is  heterocercal,  and  the  jaws  are  fiimished  with 


Fig.  i%-i.~Amlilfflinti  macrofliTta.     dulxniireroiu. 

IS  minute  teeth.  Numerous  species  of  these  genera  are 
known  in  the  above-mentioned  formations,  and  both  appear  for 
the  last  time  in  the  Trias.  In  the  Secondary  Rocks  Lepido- 
sltidt  are  extremely  abundant,  the  chief  forms  belonging  to  the 
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families  Dapeduia,  Lepidotida,  and  Leptolepida.    In  the  Dapedi- 
da  (fig.  384,  i),  the  tail-fin  is  only  sightly  heterocercal,  and  the 


Lifloltfu  ifrattifttmii. 


back  teeth  are  obtuse.  Dapedius  itself  is  compressed  and  deep- 
bodied,  and  is  exclusively  confined  to  the  Lias.  The  front-teeth 
in  this  genus  are  notched  or  bifurcate,      ^ckmodus  is  also 


A, 
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exclusively  Liassic ;  but  Semionotus  and  Pholtdophorus  range 
upwards  to  the  Chalk  or  to  the  highest  Oolitic  strata.  The 
Oolitic  genus  Tetragonoiepis  (fig.  385)  is  closely  similar  to  Da- 
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pedius,  but  the  front  teeth  are  not  notched  The  body  is 
greatly  compressed,  and  there  is  a  single  long  dorsal  fin. 
The  place  of  this  genus  is  disputed,  and  it  is  often  referred 
to  the  Pycnodonts.  The  Lepidotida  have  a  homocercal  tail 
(fig.  283,  3),  and  possess  obtuse  teeth.  The  type-genus, 
Lepidotus,  ranges  from  the  Lias  to  the  Eocene  Tertiary. 
The  Leptolepida  (fig.  283,  2)  have  also  a  homocercal  tail,  and 
possess  small  rounded  scales.  The  species  of  this  family  are 
all  Secondary  in  their  distribution. 

Sub-order  C.  Lepidopleurid/E. — "Ganoids  with  hetero- 
cercal  equilobate  tails.  Body  rhomboidal,  covered  with 
rhombic  scales,  articulated  by  strong  ribs  traversing  their 
anterior  margins  internally.  Dorsal  fin  equal  to  half  the 
length  of  the  trunk.  Anal  fin  also  with  an  elongate  base. 
Ventrals,  when  present,  small.  Paired  fins  non  -  lobate. 
Branchiostegal  rays  not  taking  the  form  of  broad  plates. 
Notochord  persistent.  Arches  well  ossified." — (Young.)  The 
two  most  important  families  of  this  sub-order  are  the  Platy- 
somidtx  and  Fycnodgnltda ;  of  which  the  former  is  mainly 
Carboniferous  and  Permian,  whilst  the  latter  is  almost  ex- 
clusively Mesozoic.     In  the  genus  Plaiysomus  {fig.   z86)  the 


Fig.  i^.—P!alyu> 


tail  is  heterocercal,  the  dorsal  and  anal  fins  are  long,  the 
pectorals  are  small,  and  the  ventrals  appear  to  be  wantii^. 
The  teeth  are  conical  and  uniserial,  and  the  body  is  deep 
and  compressed  from  side  to  side.  The  Fiaiysomi  are  mainly 
found  in  the  Permian  Rocks.  In  the  true  Pymodonts  the 
teeth  are  multiserial,  and  are  adapted  for  crushing;  consisting 
of  "  a  circular  or  transversely  oval  crown,  flattened  above, 
and  sessile  on  the  bone  to  which  it  is  attached ;  or  of  on 
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obtusely  conical  crown,  which  is  broader  than  its  peduncle  of 
support"  (Young).  The  Pycnodonts  are  mainly  Oolitic,  but 
a  few  Cretaceous  species  are  known,  and  one  form  has  been 
described  from  the  Eocene  Tertiary.  The  Triassic  FiacoduSy 
formerly  referred  to  this  family,  is  now  known  to  be  truly 
Reptilian. 

Sub-order  D.  CROSSOPTERYGiDiE. — ''Dorsal  fins  two,  or, 
if  single,  multifid  or  very  long ;  the  pectoral,  and  usually  the 
ventral,  fins  lobate ;  no  branchiostegal  rays,  but  two  principal, 
with  sometimes  lateral  and  median,  jugular  plates,  situated 
between  the  rami  of  the  mandible  ;  caudal  fin  diphycercal,  or 
heterocercal ;  scales  cycloid  or  rhomboid,  smooth  or  sculp- 
tured."—(Huxley.) 

All  the  Ganoids  of  this  sub-order  are  pre-eminently  dis- 
tinguished by  the  structure  of  the  paired  fins,  the  pectorals 
always,  and  the  ventrals  usually,  consisting  of  a  central  lobe 
or  stem,  which  is  covered  by  scales,  and  to  the  sides  of  which 
the  fin-rays  are  attached.  The  nearest  approach  to  this 
structure  amongst  living  fishes  is  found  in  the  paired  fins  of 
the  Barramunda  (Ceratodus  Fosieri)  of  the  rivers  of  Queens- 
land. In  this  singular  fish,  which  is  at  present  referred  to  the 
order  of  the  Dipnoi^  the  pectoral  and  ventral  fins  are  supported 
by  a  median,  many-jointed,  cartilaginous  rod,  to  which  nume- 
rous lateral  branches  are  attached.  The  scales  in  this  sub- 
order are  sometimes  rhomboidal,  not  overlapping  one  another; 
at  other  times  they  are  cycloidal  in  shape,  and  are  arranged 
in  an  imbricate  manner. 

Professor  Huxley  divides  the  Crossaptcrygida  into  the  fol- 
lowing families.  (See  *  Memoirs  of  the  Geological  Survey  of 
Great  Britain.     Decade  X.')  : — 

Fam.  1.— PoLYPTERir. 

Dorsal  fin  very  long,  multifid ;  scales  rhomboidal 
Polyptems  (fig.  282). 

Fam.  2. — Saurodipterini. 

Dorsal  fins  two ;  scales  rhomboidal,  smooth  ;   fins  sub -acutely 
lobate. 
JOipiopterus,  Osteolepis  (fig.  282),  MegalicfUhys. 

Fam.  3.— Glyptodipterini. 

Dorsal  fins  two ;  scales  rhomboidal  or  cycloidal,   sculptured  ; 
pectoral  fins  acutely  lobate ;  dentition  dendrodont. 
Sub-fam.  A.-  with  rhomboidal  scales. 

Glyptolamus  (fig.  287),  Glyptopomus^  Gyroptyckius, 
Sub-fam.  B.  with  cycloidal  scales. 

Holoptychius  (fig.  288),    Glyptolfpis,  Platygnathus  [Rhtzodus, 
Dendrodus^  Cricodus^  Lamnodus\, 
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Fam.  4.— Ctenodipterini. 

Dorsal  fins  two ;  scales  cycloidal ;  pectorals  and  ventrals  acutely 
lobate ;  dentition  ctenodont. 

Dipterus\Ceratodusf  TrisHchopterus7\ 

Fam.  5. — Phaneropleurini. 

Dorsal  fin  single,  very  long,  not  subdivided,  supported  bv  many 
interspinous  bones ;  scales  thin,  cycloidal  \  teetti  conical ;  ven- 
tral fins  very  long,  acutely  lobate. 
Phcmeropleuron  (fig.  290). 

Fam.  6. — Ccelacanthini. 

Dorsal  fins  two,  each  supported  by  a  single  interspinous  bone ; 
scales  cycloidal ;  paired  fins  obtusely  lobate ;  air-bladder  ossi- 
fied.      CalacanthuSy  Undinay  Macropoma. 

As  regards  the  distribution  of  the  Crossopterygida  in  time, 
Professor  Huxley  remarks: — "  Of  the  six  families  which  com- 
pose it,  four  are  not  only  Palaeozoic,  but  are,  some  exclusively, 
and  all  chiefly,  confined  to  rocks  of  Devonian  age — an  epoch 
in  which,  so  far  as  our  present  knowledge  goes,  no  fish  belong- 
ing to  the  sub-orders  of  the  Amiada  and  Lepidosteida  (un- 
less Cheirolepis  be  one  of  the  latter)  makes  its  appearance. 
Rapidly  diminishing  in  number,  the  Crossopterygidae  seem  to 
have  had  several  representatives  in  the  Carboniferous  epoch ; 
but  after  this  period  (unless  Ceratodus  be  a  Ctenodipterine) 
they  are  continued  through  the  Mesozoic  age  only  by  a  thin, 
though  continuous,  line  of  Ccelacanthini,  and  terminate,  at  the 
present  day,  in  the  two  or  three  known  species  of  the  single 
genus  Polypterus?* 

Of  the  extinct  types  of  this  sub-order,  some  are  sufficiently 
important  to  merit  especial  mention.  In  the  family  of  the 
Saurodiptcrini^  the  genus  Osteokpis  (fig.  282)  has  a  very  hetero- 
cercal  tail  and  smooth  scales.  The  first  dorsal  is  placed  near 
the  centre  of  the  back,  and  the  mouth  is  furnished  with  sharp 
teeth.  All  the  species  of  this  genus  are  Devonian.  The  Car- 
boniferous genus  Megalichthys  appears  also  to  belong  here. 
In  this  singular  genus  are  large  "  sauroid  "  fishes  with  hetero- 
cercal  tails,  rhomboidal  scales,  and  great  conical  incurved  teeth, 
which  are  mostly  smooth,  but  are  sometimes  finely  ridged. 

Of  the  Glyptodipterini  with  rhomboidal  scales,  Glyptolccmus 
(fig.  287)  may  be  taken  as  the  t)rpe:  In  this  singular  fish,  the 
body  is  elongated  and  the  head  depressed.  There  are  two 
dorsal  fins  which  are  placed  very  far  back,  and  the  ventrals 
have  a  similar  posterior  position.  The  tail  is  "  divided  into 
two  equal  lobes  by  the  prolonged  conical  termination  of  the 
body,"  becoming  thus  "  diphycercal.*'  Glyptoicemus  is  exclu- 
sively confined  to  the  Devonian  period. 
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Of  die  Glyptodipterirus  with  cycloida]  scales,  the  most 
important  form  is  Holoptychius  (fig.  288).  In  this  genus 
there  are  two  dorsal  fins   placed   very  far  back,  and  the 


Fig.  iSB.— /^nb^^Ai'iu  •abiliaimia.    Realond.    A,  Soilc  oT  the  ume.    Dcvooiiui. 

ventrals  aie  similarly  approximated  to  the  tail,  as  in  Glypto- 
Uemus.  The  body,  however,  is  covered  with  large  scales  of  a 
cycloidal  form,  which  overlap  one  another,  and  have  wrinkled 
surfaces  ;  and  the  tail  is  inequilobed.  The  teeth  are  of  two 
sizes,  and  the  larger  ones  are  longitudinally  striated  at  their 
bases.  The  true  Holopiychii  are  Devonian  in  their  distribu- 
tion. In  the  Carboniferous  Rocks,  however,  occurs  the  nearly 
allied  genus  Rhizodus  (fig.  289),  in  which  the  teeth  agree  with 
those  GiHoloptychius  in  being  of  two  sizes,  but  they  differ  in 
being  trenchant  on  both  sides.  Rhizodus  must  have  attained 
a  large  size,  and  must  have  been  highly  predaceous  in  its 
habits. 

The  type-genus  of  the  Ctenodipierini  is  Dipterus,  in  which 
the  position  and  form  of  the  fins  are  very  much  the  same  as 
in  Holoptychius.  The  body  is  also  covered  with  cycioidal 
overlapping  scales ;  but  these  scales  are  smooth.  The  head 
is  protected  by  a  kind  of  helmet  formed  of  the  andiylosed 


cranial  bones,  and  the  teeth  arc  conical  in  fonn  and  nearly 
equal  in  size.    The  species  (ADiptents  are  all  Devonian. 
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The  family  PhanopUur'mi  comprises  only  the  single  genus 
Phaneropkuron  {fig.  290),  which  is  probably  exclusively  De- 
vonian. In  this  singular  genus  the  scales  are  very  thin, 
cycloidai,  and  overlapping  one  another.  The  dorsal  fin  is 
extremely  long,  and  is  confluent  with  the  taii-fin,  and  the  pec- 
torals and  ventrais  are  acutely  lobate.  The  jaws  are  armed 
with  a  single  series  of  short  conical  teeth,  and  the  notochord 
was  persistent. 


liflstly,  the  family  of  the  Calamnlhi  comprises  forms  which 
range  from  the  Devonian  to  the  Cretaceous  period,  and  which 
are  distinguished,  in  the  typical  genera,  by  having  hollow  fin- 
spines,  by  having  two  dorsal  fins,  each  supported  by  a  single 
interspinous  bone,  by  having  cycloidai  overlapping  scales,  and 
by  the  remarkable  peculiarity  that  the  swim-bladder  was  ossi- 
fied. The  type-genus  Csiacanthus  seems  to  range  from  the 
Carboniferous  to  the  Trias. 
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Sub-order  E.  AcANTHODiDiE. — Scales  exceedingly  small, 
shagreen-like;  the  front  of  each  fin  provided  with  a  strong 
spine,  simply  implanted  in  the  flesh;  no  distinctly  ossified 
cranial  bones  ;  no  operculum  ;  tail  heterocercal.  In  their  fin- 
spines,  and  in  some  other  points,  iht  Acanthodida  approximate 
closely  to  the  Elasmobranchii ;  but  they  are  generally  regarded 
as  an  order  of  the  Ganoidei,  The  Acanthodida  are  mainly 
Devonian,  but  some  forms  occur  in  the  Carboniferous  Rocks, 
and  a  species  from  the  Permian  Rocks  has  been  doubtfully 
referred  here.    Acanthodes  (fig.  291)  has  a  single  dorsal  fin,  and 


Fig.  291. — X.  Acanthodes  MitckellL    a.  Climatius  scutiger. 
3.  Diplacanthus  gracUi*.    Devonian. 

is  represented  in  both  Devonian  and  Carboniferous  deposits. 
Diplacanthus  (fig.  291,  3)  has  two  dorsal  fins,  and  is  exclusively 
confined  to  the  Devonian  Rocks. 

Suborder  F.  Ostracostei.  —  The  Ganoids  of  this  sub- 
order are  characterised  by  having  the  head,  and  generally  the 
anterior  portion  of  the  trunk  as  well,  encased  in  a  strong  ar- 
mour composed  of  numerous  large  ganoid  plates,  immovably 
united  to  one  another.  The  posterior  extremity  of  the  body 
is  more  or  less  completely  unprotected  ;  and  whilst  the  noto- 
chord  is  persistent,  the  peripheral  elements  of  the  vertebrae 
are  ossified.  The  fishes  belonging  to  this  section  are  the 
most  ancient  of  their  class,  commencing  in  the  Upper  Silurian 
Rocks.  They  extend  through  the  Devonian  series,  but  are 
not  known  to  have  survived  into  the  Carboniferous  period. 
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They  have  generally  been  placed  amongst  the  Ganoids ;  but 
Professor  Huxley  has  pointed  out  that  they  present,  many  of 
them,  features  by  which  they  approximate  closely  to  the  Silu- 
roids  amongst  the  Teleosteans.  The  more  important  genera 
included  in  this  sub-order  are  Cephalaspis,  Pteraspis,  Coccoslms, 
and  Pterkhthys. 

Cepfialaspis  {fig.  292)  is  the  type  of  the  family  of  the  Cephai- 
aspiida,  and  is  readily  recognised  by  the  fact  that  the  cephalic 
shield  has  its  posterior  angles  produced  into  long  "  comua," 


F[g.  3ga.~Crflia!ai/is  LytlliL    (ArterPigc.) 


giving  it  the  shape  of  a  "  saddler's  knife."  Besides  these  la- 
teral cornua,  there  is  a  "  posterior  comu  "  or  spine,  formed  by 
a  prolongation  backwards  of  the  hinder  margin  of  the  shield  in 
the  middle  line.  The  orbits  are  approximated,  and  are  placed 
nearly  in  the  centre  of  the  cephalic  shield.  No  jaws  or  teeth 
are  known,  and  the  mouth  was  probably  soft,  and  adapted  for 
suction.  The  head-shield  exhibits  vascular  canals,  and  shows 
very  distinct  bone<ells  when  examined  in  thin  sections  under 
the  microscope.  The  body  is  covered  with  ganoid  scales,  and 
there  is  a  well-marked  dorsal  fin.  Pectoral  fins  have  also  been 
described,  and  the  tail  is  clothed  with  a  heterocercal  fin.  In 
the  nearly  allied  Auchmaspis,  the  structure  is  very  simitar  to 
the  above,  but  there  is  no  spine  or  "posterior  cornu,"  and 
there  is  instead  a  neck-plate  formed  by  an  extension  backwards 
from  the  cephalic  shield.  The  Cepkalaspida  oxt  mainly  found 
in  the  Old  Red  Sandstone,  the  commonest  species  being  C. 
Lyellii.  Other  species  are  'found  in  the  "passage-beds" 
between  the  Silurian  and  Old  Red,  and  the  genus  is  not 
wholly  unrepresented  in  the  Upper  Silurian  deposits. 

In  the  genus  Pteraspis  (fig.  293)  the  head  is  defended,  as  in 
Cephalaspis,  by  a  shield  or  buckler,  which  is  composed  of  seve- 
ral pieces  firmly  anchylosed.  The  shield  consists  of  a  central 
disc,  the  lateral  angles  of  which  are  produced  into  short  comua, 


332  ORDERS  OF  FISHES. 

whilst  it  is  extended  into  a  rostrum  in  front  The  posterior 
spine  is  very  small,  and  is  attached  to  the  disc  as  a  separate 
piece.  The  orbits  are  situated  laterally. 
The  minute  stracture  of  the  shield  is  very 
complex,  consisting  of  three  layers.  The 
innermost  layer  is  laminated,  and  is  tra- 
versed by  vascular  canals.  The  middle 
layer  is  made  up  of  polygonal  cavities ; 
and  the  outer  layer  is  structureless  or 
fibrous,  and  is  finely  striated  or  grooved. 
The  body  was  covered  with  scales ;  but 
nothing  is  known  of  the  nature  of  the  fins. 
The  genera  Cyathaspis  and  Scaphaspts 
have  been  founded  upon  fonns  which  have 
usually  been  placed  under  Pteraspis,  and 
which  differ  in  more  or  less  essential 
""""*'  points  from  the  typical  species  of  this 

genus.  The  genus  Pteraspis,  so  far  as  yet  known,  comprises 
the  most  ancient  of  the  fishes,  commencing  as  it  does  in  the 
earlier  portion  of  the  Ludlow  formation  (Upper  Silurian). 
Other  species  are  known  in  the  Old  Red  Sandstone ;  but  the 
genus  appears  to  have  entirely  disappeared  before  the  close  of 
the  Devonian  period. 

In  the  genus  Coccosteus  the  head  was  protected  by  a  great 
shield,  the  plates  of  which  are  covered  with  small  hemispheri- 
cal tubercles.  There  is  also  a  ventral  or  "sternal"  sliield, 
which,  according  to  Huxley,  seems  to  have  had  no  direct  con- 
nection with  the  cephalic  buckler.  The  mouth  was  furnished 
with  a  distinct  lower  jaw  or  "  mandible,"  composed  of  two 
rami,  carrying  small  teeth.  The  notochord  was  persistent,  but 
the  neural  and  haemal  spines  of  the  vertebrae,  and  the  rays  of 
the  dorsal  and  anal  fins,  are  well  ossified.  A  heterpcercal  tail- 
fin  was  doubdess  present  as  well.  The  genus  Coccosteus  is 
essentially  Devonian ;  but  a  species  has  been  discovered  by 
M.  Barrande  in  the  Upper  Silurian  of  Bohemia. 

In  the  genus  Plerichtkys  (fig.  294)  are  some  very  remarkable 
fishes,  first  discovered  in  the  Old  Red  Sandstone  by  the  late 
Hugh  Miller,  and  nearly  related  in  most  respects  to  Coccosteus. 
The  whole  of  the  head  and  the  anterior  part  of  the  trunk  were 
defended  by  a  buckler  of  large  ganoid  plates  suturally  united, 
those  covering  the  trunk  fonning  a  back-plate  and  a  breast- 
plate articulated  together  at  the  sides.  The  rest  of  the  body 
was  covered  with  small  ganoid  scales,  A  small  dorsal  fin,  a 
pair  of  ventrals,  a  pair  of  pectorals,  and  a  heterocercal  tail-fin 
were  present    The  form  of  the  pectoral  fins  b  the  peculiar 
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characteristic  of  the  genus.  These  were  in  the  form  of  two 
long  curved  spines,  somewhat  like  wings,  covered  by  finely- 
tuberculated  ganoid  plates.  From  their  form  they  cannot 
have  been  of  much  use  in  swimming ;  but  they  probably,  as 
suggested  by  Owen,  enabled  the  animal  to  shuffle  along  the 
sandy  bottom  of  the  sea,  if  stranded  at  low  water.  All  the 
species  of  Pterichihys  are  exclusively  confined  to  the  Old  Red 
Sandstone. 


Fig.  9^'^Pterichthyt  comutus.    Old  Red  Sandstone. 

Sub-order  G.  Sturionid^e. — In  this  sub-order  the  skeleton 
is  almost  altogether  cartilaginous,  and  the  notochord  is  per- 
sistent. The  exoskeleton  is  usually  in  the  form  of  large  gan- 
oid plates,  which  are  united  into  a  shield  over  the  head,  but 
are  detached  over  the  body.  Sometimes  tKe  exoskeleton  is 
almost  absent,  and  in  no  case  is  the  mouth  furnished  with 
teeth.     The  tail  is  heterocercal. 

This  sub-order  comprises  the  living  Sturgeons,  and  is  not 
known  with  certainty  to  have  come  into  existence  before  the 
Eocene  Tertiary,  where  it  is  represented  by  the  Acipenser  toli- 
apicus  of  the  London  Clay.  In  the  Lias,  however,  occur  two 
species  of  the  singular  genus  Chondrosteus^  which  have  usually 
been  referred  here,  and  have  been  regarded  as  being  most 
nearly  allied  to  the  Paddle-fishes  (»S^dr/tt/ar/dr)  of  North  America. 
The  skull,  however,  is  more  completely  ossified  than  is  the  case 
with  any  living  members  of  the  Sturionida;  and  the  true  place 
of  Chondrosteus  must  be  regarded  as  uncertain. 
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CHAPTER   XXX. 

ORDERS  OF  FISHES— ConHnued, 

Order  III.  Elasmobranchii  {  =  Selachia,  Miiller;  Placoidd^ 
Agassiz  ;  Holocephali  and  Plagiostomi,  Owen). — This  order  in- 
cludes the  Sharks,  Rays,  and  Chimserse,  and  corresponds  with 
the  greater  and  most  typical  portion  of  the  ChondropterygidiB  or 
Cartilaginous  Fishes  of  Cuvier.  The  order  is  distinguished  by 
the  following  characters : —  The  skull  and  lower  jaw  are  well 
developed^  but  there  are  no  cranial  bones,  and  the  skull  consists  of 
a  single  cartilaginous  box,  without  any  indication  of  sutures, 
Tlie  vertebral  column  is  sometimes  composed  of  distinct  vertebrce, 
sometimes  cartilaginous  or  sub-notoc/wrdal.  TTu  exoskeleton  is  in 
the  form  of  placoid  granules,  tubercles,  or  spines.  There  are  two 
pairs  of  fins,  representing  the  limbs,  and  supported  by  cartilaginous 
fin-rays;  and  the  ventral  fins  are  placed  far  bcuk  near  the  anus. 
The  pectoral  arch  has  no  clavicle.  The  heart  consists  of  a  single 
auricle  and  ventricle,  and  the  bulbus  arteriosus  is  rhythmically 
contractile,  is  provided  with  a  special  coat  of  striated  muscular 
fibres,  and  is  furnished  with  several  transverse  rows  of  valves. 
The  gills  are  potuh-like. 

In  most  of  thft  above  characters  it  will  be  seen  at  once  that 
the  Elasmobranchii  agree  with  the  Ganoid  fishes,  especially  as 
regards  the  structure  of  the  heart.  The  following  points  of 
difference,  however,  require  more  special  notice : — 

I.  TYiQ  exoskeleton  is  what  is  called  by  Agassiz  "placoid." 
It  consists,  namely,  of  no  contmuous  covering  of  scales  or 
ganoid  plates,  but  of  more  or  less  numerous  detached  grains, 
tubercles,  or  spines,  composed  of  bony  matter,  and  scattered 
here  and  there  in  the  integument  In  the  case  of  the  Rays, 
these  placoid  ossifications  often  take  a  very  singular  shape, 
consisting  of  an  osseous  or  cartilaginous  disc,  from  the  upper 
surface  of  which  springs  a  sharp  recurved  spine,  composed  of 
dentine. 

II.  The  gills  are  fixed  and  pouch-like,  and  differ  very  mate- 
rially from  those  of  the  Bony  and  Ganoid  fishes.  In  the  case 
of  the  Sharks  and  Rays,  the  gill-pouches  open  upon  the  sur- 
face by  a  series  of  separate  apertures,  which  are  placed  on  the 
sides  of  the  neck  in  the  former,  and  on  the  under  surface  of 
the  body  in  the  latter.  In  neither  is  there  any  gill-cover  or 
operculum,  nor  are  there  any  branchiostegal  rays.  In  one 
section  of  the  order,  however — ^viz.,  the  Holocephali — though 
the  internal  structure  of  the  gills  is  essentially  the  same  as  in 
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the  Sharks,  there  is  only  a  single  branchial  aperture  or  gill-slit 
externally,  and  this  is  protected  by  a  rudimentary  operculum 
and  branchiostegal  rays. 

The  order  Elasmohranchii  is  divided  into  the  two  sub-orders 
of  the  Holocephali  and  PiagiosiatnL  The  former  comprises  the 
living  ChimcercB,  characterised  by  the  mouth  being  terminal, 
and  there  being  only  a  single  gill-slit  The  latter  comprises 
the  living  Port  Jackson  Shark,  the  true  Sharks  and  Dog-fishes, 
and  the  Rays,  characterised  by  having  the  mouth  transverse 
and  placed  on  the  under  surface  of  the  head,  whilst  there  are 
several  apertures  to  the  gills. 

As  regards  their  general  distribution  in  time^  the  ElcLsmo- 
hranchii  are  nearly  as  ancient  as  the  Ganoids.  At  the  top  of 
the  Upper  Ludlow  Rocks,  or  at  the  close  of  the  Upper  Silurian 
epoch,  there  have  been  discovered  the  remains  of  undoubted 
Plagiostomous  fishes,  most  nearly  allied  to  the  existing  Port 
Jackson  Shark  {Cestracion  Philippt),  These  remains  consist 
chiefly  of  defensive  spines,  which  formed  the  first  rays  in  the 
dorsal  fins,  and  upon  these  the  genus  Onchus  (fig.  295)  has  been 
founded.  Besides  these  there  have  been  found  portions  of  skin 
or  "  shagreen,"  with  little  placoid  tubercles,  like  the  skin  of  a 
living  shark.  These  have  been  referred  to  the  genera  Sphagp- 
dus  and  Thelodus,  They  are  the  earliest  known  remains  of 
Plagiostomous  fishes,  and  with  the  exception  of  the  few  re- 
mains from  the  Lower  Ludlow  Rocks,  they  are  the  earliest 
known  remains  of  fishes  in  the  stratified  series.  The  discovery 
of  these  remains,  at  that  time  the  earliest  known  traces  of 
Vertebrate  life,  is  due  to  the  genius  of  Sir  Roderick  Murchi- 
son,  the  author  of  *  Siluria.' 

Most  of  the  fossil  Elasmohranchii  belong  to  the  division 
Cestraphori  of  Owen,  so  called  because  they  are  provided  with 
the  large  fin-spines  which  are  known  to  geologists  as  "  ichthyo- 
dorulites.'*  The  two  families  of  this  division — the  Cestracionts 
and  Hybodonts — are  largely  represented  in  past  time,  the 
former  chiefly  in  the  Palaeozoic  period,  the  latter  chiefly  in  the 
Mesozoic  Rocks.  Subjoined  is  an  illustration  of  the  "  ichthyo- 
dorulites  "  and  teeth  of  some  of  the  Palaeozoic  CestraphorL 

The  true  Sharks  are  represented  in  the  Mesozoic  deposits 
{e,g,j  by  teeth  oiNotidanus  in  the  Oolites);  but  they  are  chiefly 
Cretaceous  and  Tertiary.  The  teeth  of  Odontaspis,  Galeocerdo^ 
and  Carcharodon^  are  good  examples  fi'om  the  Eocene  of  the 
Isle  of  Sheppey.  The  true  Rays  are  older  than  the  true 
Sharks,  the  Carboniferous  fossil  Pkuracanthm  being  probably 
the  spine  of  a  Ray  (fig.  296).  Numerous  remains  of  Rays, 
chiefly  in  the  form  of  the  pavement-like  teeth,  are  known, 
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both  from  the  Secondary  and  Tertiary  Rocks.  The  last  divi- 
sion of  the  Elasmobranchii — viz.,  that  of  the  Holocephali — is 
poorly  represented  in  past  time  by  the  Mesozoic  and  Kaino- 
zoic  IschioduSy  ElasmoduSy  Ganodus,  and  Edaphodus, 

In  the  following  a  more  detailed  account  is  given  of  the 
characters  of  the  various  groups  of  the  Elasmobranchii,  with 
the  leading  characters  and  more  important  fossil  forms  of 
each : — 

Sub-Order  A.  Holocephali. — ^This  sub-order  includes  cer- 
tain curious  fishes,  of  which  the  only  living  forms  are  the 
Chinueridce.  The  notochord  is  persistent,  but  the  neural 
archcfs  and  transverse  processes  are  cartilaginous.  The  jaws 
are  bony,  and  are  covered  by  broad  plates  representing  the 
teeth.  The  exoskeleton  consists  of  placoid  granules.  The 
first  ray  of  the  anterior  dorsal  fin  is  in  the  form  of  a  powerful 
defensive  spine,  like  the  "  ichthyodorulites "  of  many  fossil 
fishes.  The  ventral  fins  are  abdominal,  and  the  tail  is  hetero- 
cercal.  There  is  only  a  single  external  gill-aperture,  covered 
with  a  gill-cover  and  branchiostegal  membrane;  but  only  a 
small  portion  of  the  borders  of  the  branchial  laminse  is  free. 
The  mouth  is  placed  at  the  extremity  of  the  head. 

The  Chimaeroid  fishes  are  not  known  to  have  existed  at  all 
during  the  Palaeozoic  period ;  but  they  are  not  uncommon  in 
the  Secondary  period  and  in  the  Tertiaries.  They  are  exclu- 
sively known  by  means  of  their  jaws  and  teeth  and  their  fin- 
spines  or  "  ichthyodorulites."  The  dental  plates  are  united  to 
the  beak -shaped  jaws;  and  the  dorsal  fin-spines  are  always 
movable  and  jointed — instead  of  being  supported  on  a  cartilage 
imbedded  in  the  muscular  tissue  of  the  back  (as  in  the  Spina- 
cidcs  and  Ccstradontidce),  "Of  the  fossil  Chimaeroids,  the  genera 
Ischiodus  and  Ganodus  are  exclusively  Mesozoic ;  Edaphodus 
ranges  from  the  Cretaceous  series  to  the  Eocene  Tertiary;  and 
Elasmodus  is  only  known  from  the  Eocene. 

Sub-order  B.  Plagiostoml — This  sub-order  is  of  consider- 
ably greater  importance,  as  it  includes  the  well-known  Sharks 
and  Rays.  The  vertebral  centra  are  usually  more  or  less  ossi- 
fied, and  even  when  quite  cartilaginous,  the  centra  are  marked 
out  by  distinct  rings.  The  skull  is  in  the  form  of  a  cartila- 
ginous capsule,  without  distinct  cranial  bones.  The  mouth  is 
transverse,  and  is  placed  on  the  under  surface  of  the  head. 
The  exoskeleton  consists  of  placoid  granules,  tubercles,  or 
spines.  The  branchial  sacs  open  externally  by  as  many  dis- 
tinct apertures  as  there  are  sacs,  and  there  is  no  operculum. 
A  pair  of  tubes  proceed  from  the  pharynx  to  open  on  the  upper 
surface  of   the  head  by  two  apertures,  which  are  termed 
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"  spiracles."    By  means  of  these  water  can  be  admitted  to  the 
pharynx,  and  thence  to  the  gills. 

By  Professor  Owen  the  Piagiostomi  are  divided  into  three 
sections,  termed  respectively  the  Cestraphoriy  the  Sdachii^  and 
the  Batides, 

a,  Cestraphoru — In  this  division  there  is  a  strong  spine  in 
front  of  each  dorsal  fin,  and  the  back  teeth  are  obtuse.  The 
only  living  representative  of  this  group  is  the  Port  Jackson 
Shark  {Cestracion  Philippt)^  characterised  by  its  pavement  of 
plate-like  crushing  teeth,  adapted  for  comminuting  small  Mol- 
luscs and  Crustaceans.  It  is  exclusively  an  inhabitant  of  the 
Australian  and  Chinese  seas,  and  is  remarkable  for  its  close  re- 
semblance to  a  large  group  of  extinct  forms,  of  which  the  best 
known  are  the  genera  Hybodus  and  Acrodus  from  the  Second- 
ary Rocks. 

The  Cestraphori  are  known  in  a  fossil  state  mainly  by  their 
fin-spines,  or  "  ichthyodorulites,"  and  their  teeth.  It  is  obvious, 
however,  that  it  must  be  often  very  difficult  or  altogether  impos- 
sible to  determine  absolutely  whether  a  spine  or  a  piece  of  shag- 
reen belongs  to  a  Cestraciont  or  to  a  true  Shark.  Some  of  the 
forms,  therefore,  to  be  immediately  mentioned,  must  be  regarded 
as  being  only  provisionally  placed  amongst  the  CestracionHdcB, 

With  this  proviso,  the  earliest  known  traces  of  Cestraciont 
fishes  appear  to  be  in  the  Upper  Ludlow  Rocks,  at  the  sum- 
mit of  the  Silurian  series.  Here,  within  the  limits  of  a  single 
stratum,  well  known  as  the  "  bone-bed,"  occur  remains  which 
have  been  with  more  or  less  probability  referred  to  Cestra- 
cionts.    Some  of  these  (fig.  295)  are  in  the  form  of  compressed, 
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Fig.  995. — A,  Spine  of  Onchus  ienuistriaiMS.     B,  Shaereen-scales  of  Tkelodus. 
Both  from  the  bone-bed  of  the  Upper  LiuOow  Rocks. 

slightly  curved  spines,  the  sides  of  which  are  grooved  longi- 
tudinally. These  have  been  referred  to  a  provisional  genus, 
under  the  name  of  Onchus,  and  there  appears  to  be  little  doubt 
as  to  their  truly  belonging  to  fishes  of  some  kind.  It  is,  how- 
ever, quite  possible  that  they  really  belong  to  Pteraspis^  in 
which  case  they  must  be  removed  from  their  present  place. 

Along  with  the  spines  of  Onchus  are  found  fragments  of 
prickly  skin  or  shagreen,  which  have  been  referred  to  the 
temporary  genus  Sphagodus^  along  with  minute  cushion-shaped 
bodies,  which  are  doubtless  placoid  scales,  and  which  have 
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been  referred  to  another  genus  under  the  name  of  TTulodus 
(fig.  ags,  B).  In  the  same  bed  are  found  jaw-like  bodies,  with 
tooth-like  processes  of  different  sizes,  which  have  been  named 
Plectrodus,  and  have  been  supposed  to  be  the  jaws  of  fishes. 
The  true  nature  of  these,  however,  is  doubtful,  and  they  cer- 
tainly do  not  belong  to  Plagiostomous  fishes.  Possibly  they 
are  the  prickly  margins  of  the  cephalic  bucklers  of  Cephalas- 
pidean  fishes. 

It  should  be  mentioned,  also,  that  M.  Barrande  enumerates 
Ctmacanthus  amongst  the  fishes  found  in  the  Upper  Silurian 
rocks  of  Bohemia,  this  genus  being  otherwise  only  known  in 
the  Devonian  and  Carboniferous  formations. 

In  the  Devonian  Rocks  the  remains  of  Cedraphori  are  not 
uncommon.  The  more  important  fossil  spines  of  the  deposits 
of  this  period  have  been  referred  to  the  genera  Onchus,  Ciena- 
canthus,  Homacanlhus,  and  Cosmacanlhus.  The  fossil  teeth 
belong  chiefly  to  the  genera  Ctenodus,  Ctenoptychius,  Cladodus, 
and  Conchodus. 

In  the  Carboniferous  period  the  remains  of  Cesiraphori  are 
comparatively  very  abundant,  though   confined  generally  to 


particular  localities.  The  spines  of  the  Carboniferous  strata 
have  been  referred  to  many  genera,  of  which  the  most  import- 
ant are  Ctmacanthus  (fig.  396,  3),  Gyracanlhus  (fig.  296,  a),  H&- 
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macantkus,  Oracanthus,  Onchus,  Leptacantkus,  and  Edestes.  The 
fossil  teeth  of  the  Carboniferous  Rocks  have  also  been  referred 
to  many  genera,  of  which  the  more  important  are  Cochliodus 
(fig.  297),  Psammodus,  Orodus,  Petabdus  (fig  296  4),  Ctmop 
tychius  (fig.  296,  6),  Cladodu!, 
Cattrodus,  Glossodus,  and  Petro- 
diis.  Two  types  may  be  distin- 
guished in  these  teedi.  In  one 
type,  as  in  Cockliodus  (fig.  297) 
or  Psamtnodus,  the  teeth  have 
the  fonn  of  broad  crushing 
plates,  adapted  for  the  com- 
minution of  Molluscs  or  Crus- 
taceans. In  fact,  in  these  forms 
the  teeth  very  closely  resemble  [ 
those  of  the  living  Port  Jackson 
Shark  {Cestracitm).  In  the  other  type,  as  in  Cladodus,  Orodus, 
and  Glossodiis,  the  teeth  are  of  what  is  called  the  "  Hybodont " 
form,  having  a  general  conical  shape,  and  consisting  of  a  cen- 
tral principal  cone,  flanked  by  smaller  secondary  cones. 

In  the  Permian  series  the  remains  of  Cesfraplwri  are  scanty, 
but  they  are  very  numerous  in  all  the  great  formations  of  the 
Secondary  period.  The  four  most  important  Mesozoic  genera 
are  Hybodus,  Acrodus,  Strophedui,  and  Ptychodus.  The  almost 
exclusively  Triassic  genus  Ceraiodus  has  generally  been  referred 
here  also,  but  its  true  affinities  are  with  the  Dipnoi. 

In  the  genus  Hybodus  (fig.  298)  the  teeth  are  shark-like,  but 
are  not  so  trenchant  as  they  are  in  the  true  Sharks.     They 


Fig.  m8.-To<. 
oSflytadui. 


consist  of  a  central  "  principal "  cone,  with  smaller  "  second- 
aiy"  cones  on  each  side.  The  fin-spines  (fig.  299)  in  this 
genus  are  longitudinally  grooved,  and  carry  a  series  of  small 
teeth  on  their  hinder  or  concave  margin.  Species  of  Hybodus 
abound  in  the  Triassic  and  Jurassic  formations,  and  occur, 
though  less  abundantly,  in  the  Cretaceous  Rocks. 

In  the  genus  Acrodus  (fig.  300)  the  teeth  are  more  hke  those 
of  the  Port  Jackson  Shark.     The  front  teeth  are  pointed,  and 
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resemble  those  of  the  Hybodonts,but  the  back  teeth  are  adapted 
for  crushing  shell-fisL    Each  of  these  crushing  teeth  has  an  elon- 
gated form,  with  a  rounded 
surface,  which  is  covered 
with  fine  transverse  striae 
proceeding  from  a  central 
longitudinal  line.  From  their 
general  form,  colour,  and 
Fig.  30a— Tooth  of  AcrtH^us  nobuis.  Lias.      striation,  they  are  common- 
ly called  "fossil leeches"  by 
the  quarrymen.  As  in  the  case  oiHybodus^  the  species  oiAcrodus 
are  exclusively  Mesozoic,  ranging  from  the  Trias  to  the  Chalk. 
The  teeth  of  Strophodus  are  elongated,  very  similar  to  those 
of  Acrodus  in  their  general  form,  but  truncated  at  both  ends, 
and  having  their  surface  reticulated.     Like  the  preceding,  the 
species  oiStrofhodt^xzxigQ  from  tlie  Trias  to  the  Chalk. 

In  the  genus  Ptychodus^  lastly,  the  teeth  are  more  or  less 
quadrate  in  form,  and  the  summit  of  the  crown  of  the  tooth  is 
thrown  into  parallel  transverse  folds,  ridges,  or  plications, 
surrounded  by  a  granulated  area.  All  the  species  of  this  genus 
are  Cretaceous. 

A  few  Tertiary  forms  of  the  Cestraphori  have  been  described; 
but  the  affinities  of  most  of  these  are  doubtful.  At  the  present 
day  the  family  is  represented  by  the  single  living  species,  the 
Port  Jackson  Shark  {Cestracian  Philippt), 

b.  SdachiL — This  group  comprises  the  Dog-fishes  and  Sharks, 
characterised  by  the  elongated,  not  rhomboidal,  form  of  the 
body,  and  by  the  lateral  position  of  the  gill-slits  on  the  sides 
of  the  neck.  The  teeth  are  sharp  and  conical,  and  are  arranged 
in  several  rows,  of  which  the  outermost  alone  is  employed,  the 
inner  ones  serving  to  replace  the  former  when  worn  out 

This  family  attains  its  maximum  at  the  present  day,  and  its 
earliest  authentic  representatives  appear  in  the  Jurassic  period. 
Some  Palaeozoic  fossils,  however,  have  been,  with  more  or  less 
probability,  referred  to  Sharks,  or  placed  in  the  neighbourhood 
of  the  living  Monk-fishes  {Sguatina),  With  the  exception  of 
occasional  vertebrae,  all  the  known  remains  of  Selachians  con- 
sist of  teeth. 

In  the  Jurassic  series  are  found  teeth  of  Notidanus  and 
Sphenodus,  In  the  Cretaceous  Rocks  are  numerous  teeth, 
referred  to  the  genera  CaraXy  Galeocerdo^  Otodtis,  Lamna, 
Oxyrhina,  and  Odmtaspis,  all  of  which  continue  to  be  repre- 
sented in  the  Tertiary  deposits.  The  teeth  of  Carcharodon 
(fig,  303)  also  occur  in  the  Cretaceous  series,  but  the  genus  is 
mainly  Tertiary.    The  teeth  of  Carcharodon  are  triangular, 
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serrated  on  both  sides,  and  sometimes  of  immense  size  (five  or 
six  inches  in  length).  In  Otodus  (fig.  302)  the  teeth  are  not 
denticulated  at  their  edges,  and  they  have  a  secondary  tooth 


Fig.  301. — Oxyrhinaxi^ho-     Fig.  302. — Otodus  obliquus.      Fig.  303. — Carcharodon ^fv 
don.    Miocene.  Eocene.  ductus.    Miocene. 

at  each  side  of  the  base.  The  teeth  of  Oxyrhina  (fig.  301), 
lastly,  are  large  and  compressed,  differing  from  those  of  Otodus 
chiefly  in  wanting  the  lateral  projections  at  the  base.  Upon 
the  whole,  the  deposits  which  have  yielded  the  greatest  abund- 
ance of  the  teeth  of  these  extinct  Sharks,  are  the  Upper  Green- 
sand  (Cretaceous)  and  the  London  Clay  (Eocene  Tertiary). 

c.  Batides, — ^This  group 
includes  the  Rays  and 
Skates,  and  is  distinguished 
by  the  fact  that  the  bran- 
chial apertures  are  placed 
on  the  under  surface  of 
the  body,  forming  two 
rows  of  openings  a  little 
behind  the  mouth.  In 
the  typical  members  of 
the  group,  the  body  is 
flattened  out  so  as  to  form 
a  kind  of  disc  (fig.  304), 
the  greater  part  of  which 
is  made  up  of  the  enor- 
mously developed  pectoral 
fins.  Upon  the  upper  sur- 
face of  the  disc  are  the 
eyes  and  spiracles;  upon 
the  lower  surface  are  the 
nostrils,  mouth,  and  bran- 
chial apertmres.  The  flat- 
tened bodies  of  the  Rays,  however,  must  be  carefully  dis- 
tinguished from  those  of  the  Flat-fishes  {FUuronectida).     In 


Fig.  304.— Batides.  Rata  marginaia,  one 
of  the  Skates.  Reduced  one-sixth.  (After 
Gosse.) 
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the  former,  the  flat  surfaces  of  the  body  are  truly  the  dorsal 
and  ventral  surfaces.  In  the  latter,  as  before  remarked,  the 
body  is  flattened,  not  from  above  downwards,  but  from  side 
to  side,  and  the  head  is  so  twisted  that  both  eyes  are  brought 
to  one  side  of  the  body. 

The  tail  in  the  Rays  is  long  and  slender,  usually  anned  with 
spines,  and  generally  with  two  or  three  fins  (the  homologues 
of  the  dorsal  lins).  The  mouth  is  paved  with  flat  teeth  of  a 
more  or  less  rhomboidal  shape.  The  integument  is  often 
furnished  with  placoid  structures  of  a  peculiar  shape,  consist- 
ing of  oyal  or  rounded  osseous  discs,  from  the  centre  of  each 
of  which  springs  a  curved  spine  of  dentine.  The  tail  also  is 
sometimes  armed  with  a  doubly-serrated  defensive  spine. 

The  Rays  are  known  in  the  fossil  condition  by  their  flat 
crushing  teeth  mainly,  but  also  by  their  fin-rays,  bony  discs, 
and  defensive  spines.  The  earliest  trace  of  the  Rays  is  found 
in  the  Carboniferous  Rocks,  where  occurs  the  doubly-serrated 
spine  which  is  referred  to  the  genus  Plmracantkus  (fig.  296,  i). 
In  this  singular  form,  however,  the  spine  seems  to  have  been 
inserted  at  the  back  of  the  head,  instead  of  in  the  tail,  as  in  the 
living  Sting-rays.  In  the  Jurassic  Rocks  occur  the  remains  of 
Rays,  which  have  been  referred  to  the  genera  Squaloraia, 
SptUhobalis,  Arthropterus,  &c.  In  the  Tertiary  Rocks  the  re- 
mains of  Rays  are  tolerably 
abundant,  and  consist  almost 
exclusively  of  the  dental  plates. 
These  consist  (fig,  305)  of  gene- 
rally flat  plates,  usually  some- 
what rhomboidal  in  shape, 
often  placed  close  together  and 
sometimes  united  laterally  by 

_,  -.,,,.,„    sutures,  so  as  to  "  form  a  kind 

iaia  EdKardiii).   Eocene.  01  mosaic   pavement  on  both 

the  upper  and    lower   jaws  " 

(Owen).     Most  of  the  fossil  forms  belong  to  the  genus  Mylio- 

batis,  which  comprises  the  living  Eagle-rays.     All  the  fossil 

species  of  this  family  belong  to  the  Tertiary  period. 

Order  IV.— Dipnoi  (  =  Protopteri,  Owen).— This  order  is 
a  very  small  one,  and  includes  only  the  singular  Mud-fishes 
{Lepidosiren  and  Ceraiodus)  \  but  it  is  nevertheless  of  great  im- 
portance as  exhibiting  a  distinct  transition  between  the  Fishes 
and  the  Amphibia.  So  many,  in  fact,  and  so  striking,  are  the 
points  of  resemblance  between  the  two,  that  until  recently  the 
Lepidosiren  (fig.  306)  was  always  made  to  constitute  the  lowest 
class  of  the  Amphibia.    The  highest  authorities,  however,  now 
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concur  in  placing  it  amongst  the  fishes,  of  which  it  constitutes 
the  highest  order.  The  order  Dipnoi  is  defined  by  the  follow- 
ing characters : — The  body  is  fish-like  in  shape.  There  is  a  skull 
with  distinct  cranial  bones  and  a  lower  jaw,  but  the  notochord  is 
persistent y  and  there  are  no  vertebrcU  centra,  nor  an  occipital  con- 
dyle. The  exoskeleton  consists  of  homy,  overlapping  scales,  having 
the  "  cycloid^'  character.  The  pectoral  and  ventral  limbs  are  both 
present,  but  have  {in  Lepidosiren)  the  form  of  awl-shaped,  filiform, 
many-jointed  organs,  of  which  the  former  only  have  a  membranous 
fringe  inferiorly.  The  ventral  limbs  are  attached  close  to  the  anus, 
and  the  pectoral  arch  has  a  clavicle  ;  but  the  scapular  arch  is  at- 
tached to  the  occiput.  The  hinder  extremity  of  the  body  is  fringed 
by  a  vertical  median  fin.  The  heart  has  two  auricles  and  one  ventri- 
cle. The  respiratory  organs  are  twofold,  consisting  on  the  one  hand 
of  free  filamentous  gills  contained  in  a  branchial  chamber,  which 
opens  externally  by  a  single  vertical  gill-slit ;  and  on  the  other 
hand  of  true  lungs  in  the  form  of  a  double  cellular  air-bladder, 
communicating  with  the  oesophagus  by  means  of  an  air-duct  or 
trachea.  The  branchice  are  supported  upon  branchial  arches,  but 
these  are  not  connected  with  the  hyoid  bone  ;  and  in  some  cases,  at 
any  rate,  rudimentary  external  branchice  exist  as  well.  The 
nasal  sacs  open  posteriorly  into  the  throat. 


Fig.  306. — Dipnoi.    Lepidosiren  nnnecietu* 

Until  lately  the  only  known  members  of  the  order  Dipnoi 
were  the  Lepidosiren  paradoxa  of  South  America  and  the  Lepi- 
dosiren (Frotopterus)  annectens  of  Africa.  No  fossil  also  could  be 
referred  with  any  certainty  to  this  order.  Recently,  however, 
there  has  been  discovered  a  most  remarkable  fish  in  the  rivers 
of  Queensland  (Australia),  which  is  almost  certainly  referable  to 
this  order,  and  which  throws  great  light  upon  several  fossil 
forms.  The  organisation  of  this  fish  is  so  extraordinary,  and 
its  afilinities  with  some  of  the  extinct  Ganoids  are  so  numerous 
and  important,  that  it  will  be  well  to  quote  at  some  length  the 
description  of  it  given  by  Dr.  Albert  Giinther,  one  of  the  most 
eminent  of  living  ichthyologists.  The  fish  in  question  has 
been  named  the  Ceratodus  Fosteri,  and  it  is  known  locally  as 
the  "  Barramunda."    It  is  said  to  attain  a  length  of  about  six 
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feet,  but  its  average  length  is  about  three  feet  The  Bana- 
munda  "  is  eel-shaped,  but  considerably  shorter  and  thicker 
than  a  common  eel,  and  covered  with  very  large  scales.  The 
head  is  flattened  and  broad,  the  eye  lateral  and  rather  small, 
the  mouth  in  front  of  the  broad  snout  and  moderately  wide. 
The  gill  openings  are  a  rather  narrow  slit  on  each  side  of  the 
head  There  are  no  external  nostrils.  The  tail,  which  is  of 
about  the  same  length  as  the  body  without  the  head,  is  com- 
pressed, and  tapers  to  a  point,  but  it  is  surrounded  by  a  very 
broad  fringe,  supported  by  innumerable  fine  and  long  fin-rays. 
There  are  two  fore  and  two  hind  paddles,  similar  to  each  other 
in  shape  and  size,  and  very  different  from  the  fins  of  ordinary 
fishes ;  their  central  portion*  being  covered  with  a  scaly  skin, 
and  the  entire  paddle  surrounded  by  a  rayed  fringe.  If  we 
were  to  cut  off  the  hind  part  of  the  tail  of  a  fish,  the  piece 
would  bear  a  strong  resemblance  to  one  of  the  paired  paddles. 
The  vent  is  situated  in  the  median  line  of  the  abdomen  be- 
tween the  paddles. 

"  In  order  to  obtain  a  view  of  the  inside  of  the  mouth,  it  is 
necessary  to  slit  it  open,  at  least  on  one  side.  We  then  notice 
that  there  are  a  pair  of  nasal  openings  within  and  on  each  side 
of  the  cavity  of  the  mouth.  The  palate  is  armed  with  a  pair 
of  large,  long,  dental  plates,  with  a  flattish  undulated  and 
punctated  surface,  and  with  five  or  six  sharp  prongs  on  the 
outer  side,  entirely  similar  to  the  fossil  teeth  described  under 
the  name  of  Ceratodus.  Two  similar  dental  plates  of  the  lower 
jaw  correspond  to  the  upper,  their  undulated  surface  fitting 
exactly  to  that  of  the  opposite  teeth.  Beside  these  molars, 
the  front  part  of  the  upper  jaw  (vomer)  is  armed  with  two 
obliquely  placed  incisor-like  dental  lamellae,  which  have  no 
corresponding  teeth  in  the  lower  jaw.  As  we  know  the  kind 
of  food  taken  by  the  Barramunda,  the  use  of  these  teeth  is 
apparent  The  incisors  will  assist  in  taking  up  or  even  tear- 
ing off  leaves,  which  are  then  partially  crushed  between  the 
undulated  surfaces  of  the  molars. 

"  The  skeleton  consists  of  a  cartilaginous  basis,  in  the  form 
of  a  long  tapering  chord  for  the  body  and  tail,  and  in  that  of  a 
capsule  for  the  head.  No  segmentation  into  separate  vertebrae 
is  visible  in  any  part  of  the  notochord ;  but  it  supports  a  con- 
siderable number  of  apophyses,  the  abdominal  of  which  bear 
well-developed  ribs,  all  being  solid  cartilaginous  rods,  with  a 
thin  sheath  of  bone.  In  the  same  manner  no  part  of  the  brain- 
capsule  is  ossified,  but  it  is  nearly  entirely  enclosed  in  thin 
bony  lamellae.  This  is  also  the  structure  of  the  appendages  of 
the  skull,  as  the  mandible  and  the  hyoid  and  scapulaiy  arches. 
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From  a  study  of  the  skull,  it  becomes  apparent  at  once  why 
in  fossil  teeth  of  Ceratodus  nothing  or  very  little  of  the  bone 
attached  to  them  has  been  preserved  These  teeth  rest  on 
cartilage  as  well  as  on  bone,  the  latter  being  a  very  thin  and 
porous  layer  which  could  not  be  preserved,  unless  the  pro- 
gress of  stratification  had  been  going  on  with  as  little  disturb- 
ance as  in  the  Solenhofen  Schiefer ;  but  the  matrix  in  which 
fossil  Ceratodont  teeth  are  found  shows  that  it  was  formed 
under  very  different  conditions,  and  it  is  certainly  not  of  a 
nature  to  permit  the  supposition  that  thin  porous  lamellae  of 
bone  would  have  been  preserved  entire. 

"  The  structure  of  the  skeleton  reminds  us  much  of  that  of  the 
sturgeons,  Chimaera,  and  especially  of  Lepidosiren  ;  and  of  all* 
the  modifications  by  which  it  differs  from  these  t)rpes,  perhaps 
none  is  of  greater  interest  than  that  observed  in  the  paddles. 
The  central  part  of  the  paddle,  which  we  have  found  externally 
to  be  covered  with  scales,  is  supported  by  a  jointed  axis  of 
cartilage  extending  from  the  root  to  the  extremity  of  the  pad- 
dle ;  each  joint  bears  a  pair  of  three-  or  two-  or  one-jointed 
branches.  This  is  the  case  in  the  hind  as  well  as  fore  paddles, 
and  we  are  justified  in  supposing  that  those  extinct  Ganoids  of 
which  impressions  of  paddles  with  scaly  centres  have  been 
preserved,  were  provided  with  a  similar  internal  skeleton." 

Upon  tiie  whole,  Dr.  Giinther  concludes  : — i.  That  the  Bar- 
ramunda  is  not  generically  separable  from  the  almost  exclusively 
Triassic  genus  CeratoduSy  which  was  founded  simply  upon  de- 
tached teeth ;  2.  That  the  Barramunda  is  very  closely  allied  to 
certain  of  the  Crossopterygious  Ganoids,  such  as  the  Dipterus 
of  the  Old  Red  Sandstone,  the  chief  difference  being,  that  the 
tail  of  the  latter  is  heterocercal ;  3.  That  the  order  Dipnoi 
should  be  considered  merely  as  forming  a  sub-order  of  the 
Ganoidei;  4.  That  the  Ganotdd  may  be  united  with  the  Elas- 
mobranckii  into  a  single  group,  which  may  be  termed  Palaich- 
thyeSy2Xi^  which  is  characterised  by  having  a  "heart  with  a 
contractile  bulbus  arteriosus,  intestine  with  a  spiral  valve,  and 
optic  nerves  non-decussating;"  5.  That  the  Ganoidei  are  the 
Fresh-water  PcUceichthyes^  and  the  Elasmobranchii  are  the 
Marine  Faiaickthyes, 

If  the  views  of  this  high  authority  be  ultimately  adopted,  it 
will  have  to  be  admitted  that  the  Dipnoi^  instead  of  being  un- 
known in  a  fossil  state,  have  enjoyed  a  vast  antiquity,  dating 
their  existence  from  the  Lower  Old  Red  Sandstone. 
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CHAPTER    XXXI. 

AMPHIBIA, 

The  class  Amphibia  comprises  the  Frogs  and  Toads,  the  Sala- 
mandroids,  the  CcuiluBy  and  the  extinct  Labyrinthodonts^  and 
may  be  briefly  defined  as  follows  : — As  is  the  case  with  the 
Fishes,  branchiae^  or  filaments  adapted  for  breathing  air  dissolved 
in  water ^  are  always  developed  upon  thevisceral  arches  for  a  longer 
or  shorter  time.  On  the  other  hand,  the  Amphibians  differ  from 
the  Fishes  in  the  fact  that  true  lungs  are  always  present  in  the 
adult;  the  limbs  are  never  converted  into  fins ;  and  when  median 
fins  are  present^  as  is  sometimes  the  case,  these  are  never  furnished 
with  fin-rays.  The  limbs,  when  present,  exhibit  in  their  skeleton 
the  same  parts  as  do  the  limbs  of  the  higher  Vertebrates,  The 
skull  cUways  articulates  with  the  vertebral  column  by  means  oftuio 
occipital  condyles.  The  heart  consists  of  two  auricles  and  a  single 
ventricle.  The  nasal  sacs  communicate  posteriorly  with  the 
pharynx;  and  the  rectum,  ureters,  and  ducts  of  the  reproductizfe 
organs  open  into  a  common  chamber  or  "  cloacaJ' 

The  great  and  distinguishing  character  of  the  Amphibia  is 
the  fact  that  they  undergo  a  metamorphosis  after  their  exclusion 
from  the  egg.  They  commence  life  as  water-breathing  larvae, 
provided  with  gills  or  branchiae ;  but  in  their  adult  state  they 
invariably  possess  lungs ;  the  branchiae  in  the  higher  forms  dis- 
appearing when  the  lungs  are  developed,  but  being  in  other 
cases  permanently  retained  throughout  life. 

In  the  earliest  embryonic  condition  the  branchiae  are  exter- 
nal, placed  on  the  side  of  the  neck,  and  not  situated  in  an 
internal  chamber  as  in  Fishes.  In  some  cases  the  external 
branchiae  only  are  present,  and  they  are,  in  any  case,  the  gills 
which  are  retained  in  those  forms  in  which  the  branchiae  are 
permanent  {Perennibranchiata).  In  the  tailed  Amphibians 
( Urodeld)  and  in  the  Frogs  and  Toads  (Anoura)  two  sets  of 
gills  are  developed — an  external  set,  which  is  very  soon  lost, 
and  an  internal  set,  which  is  retained  for  a  longer  or  shorter 
period.  As  maturity  is  approached,  true  lungs  adapted  for 
breathing  air  are  developed.  The  development,  however,  of 
the  lungs  varies  with  the  completeness  with  which  aerial  respi- 
ration has  to  be  accomplished ;  being  highest  in  those  forms 
which  lose  their  gills  when  grown  up  ( Caducibranchiata),  and 
lowest  in  those  in  which  the  branchiae  are  retained  throughout 
life  (Perennibranchiata). 

The  class  Amphibia  is  divided  into  the  four  orders  of  the 
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Ophiomorphay  Urodela^  Anoura^dxALabyrinthodontia,  The  first 
of  these  includes  only  the  serpentiform  animals  known  as 
Cacilidy  and  not  having  any  certain  fossil  representatives,  may 
be  altogether  passed  over  here.  The  order  Urodela  comprises 
the  so-called  "  tailed  "  Amphibians  of  the  present  day,  such  as 
the  Newts  and  Salamanders.  The  earliest  traces  of  this  order 
in  past  time  occur  in  the  Tertiary  deposits.  The  order  Anoura 
includes  the  so-called  "  tail-less"  Amphibians,  such  as  the  Frogs 
and  Toads,  and  is  likewise  not  known  to  have  existed  in  periods 
anterior  to  the  Tertiary.  Lastly,  the  order  Labyrinthodontia 
is  entirely  extinct,  and  is  known  to  have  existed  only  during 
the  Carboniferous,  Permian,  and  Triassic  periods. 

Order  I.  Urodela  (=  Ichthyomorpha,  Owen  ;  Saurobatra- 
chia), — This  order  is  commonly  spoken  of  collectively  as  that 
of  the  "  Tailed  "  Amphibians,  from  the  fact  that  the  larval  tail 
is  always  retained  in  the  adult.  The  Urodela  are  characterised 
by  having  the  skin  naked,  and  almost  invariably  destitute  of 
any  exoskeleton.  The  body  is  elongated  posteriorly  to  form  a 
compressed  or  cylindrical  tail,  which  is  permanently  retained 
throughout  life.  The  dorsal  vertebrae  are  biconcave  (amphi- 
c(bIous\  or  concave  behind  and  convex  in  front  (ppisthocalous\ 
and  they  have  short  ribs  attached  to  the  transverse  processes. 
The  bones  of  the  fore-arm  {radius  and  ulna)  on  the  one  hand, 
and  those  of  the  shank  (tibia  Bud.  Jibula)  on  the  other,  are 
not  anchylosed  to  form  single  bones. 

The  best  known  of  the  existing  Urodela  are  the  Newts 
(Triton),  the  Salamanders  (Salamandra),  the  Mud-eels  (Siren), 
the  Axolotl  (Siredon)y  and  the  Giant-Salamanders  (Menopoma). 
Some  of  these  are  "  perennibranchiate,"  retaining  the  bran- 
chiae throughout  life ;  others  lose  the  branchiae,  becoming  thus 
"  caducibranchiate,"  but  retain  the  branchial  apertures  behind 
the  head  ;  others,  lastly,  lose  both  the  branchiae  and  the  bran- 
chial apertures.  Most  of  the  Urodela  have  the  four  limbs 
well  developed,  but  some  possess  only  the  anterior  limbs. 

The  geological  history  of  the  Urodela  is  short  and  of  little 
importance.  No  trace  of  the  order  has  hitherto  been  discovered 
in  any  deposits  older  than  the  Tertiary.  The  only  exception 
to  this  statement  is  constituted  by  the  fossil  described  from  the 
Lower  Permian  Rocks  by  Geinitz  under  the  name  of  Palceo- 
siren,  and  regarded  by  him  as  being  most  nearly  allied  to  the 
Siren  lacertina.  It  is  probable,  however,  that  Palceosiren  is 
really  referable  to  the  Labyrinthodontia.  In  strata  of  Tertiary 
age  have  been  discovered  the  remains  of  Newts  and  Sala- 
manders. The  most  remarkable  fossil  referable  to  this  order 
is  the  Andrias  Scheuchzeri  (fig.  307)  of  the  Miocene  beds  of 
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Oeningea  This  singular  fossil  was  described  by  its  original 
discoverer  as  human,  under  the  name  of  Homo  diluvii  testis; 
but  it  is  really  the  skeleton  of  a  Salamandroid  of  large  size. 
It  is  very  closely  allied  to  the  Giant  Salamander  {Mmopoma, 
or  Sidioidia,  maxima)  of  Java. 

Order  II.  Anoura  { ^  Batrachia,  Huxley ;  Theriomorpha, 
Owen ;  CMonobatraehia,  &c,) — This  order  includes  the  Frogs 
and  Toads,  and  is  perhaps  best  designated  by  the  name  of 
Anoura,  or  "Tail-less"  Amphibians.  The  name  Batrackia, 
employed  by  Huxley,  is  inexpedient,  partly  because  it  is  used 
by  Owen  to  designate  the  entire  class  Amphibia,  and  partly 
because,  in  common  language,  it  is  usual  to  understand  by  a 
"Batrachian"anyof  the  higher  Amphibians;  such,  for  instance, 
as  a  Labyrinthodont. 

The  Anoura,  or  Tail-less  Amphibians,  are  characterised  by 
the  following  points : — ^The  adult  is  destitute  of  both  gills  and 
tail,  both  of  which  structures  exist  in  the  larva,  whilst  the  two 
pmrs  of  limbs  are  always  present.  The  skin  is  soft,  and  there 
are  rarely  any  traces  of  an  exoskeleton.  The  dorsal  vertebras 
are  "procoelous"  or  concave  in  front,  and  are  furnished  with 
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long  transverse  processes,  which  take  the  place  of  ribs,  which 
are  only  present  in  a  rudimentary  form.  The  radius  and  ulna 
in  the  fore-limb,  and  the  tibia  and  fibula  in  the  hind-limb,  are 
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anchylosed  to  form  single  bones  (fig.  308).  The  mouth  is 
sometimes  edentulous,  but  the  upper  jaw  has  usually  small 
teeth,  and  the  lower  jaw  sometimes.  The  hind-limbs  usually 
have  the  digits  webbed  for  swimming,  and  are  generally  much 
larger  and  longer  than  the  fore-limbs. 

The  geological  history  of  the  Anoura,  as  in  the  case  of  the 
Urodelay  is  of  small  importance.  The  two  chief  groups  of  the 
living  Anoura — ^namely,  the  Frogs  and  the  Toads — are  both 
represented  in  past  time ;  but  they  do  not  appear  to  have  come 
into  existence  till  after  the  commencement  of  the  Tertiary 
period.  Most  of  the  fossil  forms  have  been  detected  in  de- 
posits of  Miocene  age. 

Order  IV.  Labyrinthodontia.  —  The  members  of  this, 
the  last  order  of  the  Amphibia,  are  entirely  extinct.  They 
were  Batrachians,  probably  most  nearly  allied  to  the  Urodda^ 
but  all  of  large  size,  and  some  of  gigantic  dimensions,  the  skull 
of  one  species  (Labyrinthodon  Jageri)  being  upwards  of  three 
feet  in  length  and  two  feet  in  breadth.  The  Labyrinthodonts 
were  first  known  to  science  simply  by  their  footprints,  which 
were  found  in  certain  sandstones  of  the  age  of  the  Trias. 
These  footprints  consisted  of  a  series  of  alternate  pairs  of 
hand-shaped  impressions,  the  hinder  print  of  each  pair  being 
much  larger  than  the  one  in  front  (fig.  309),  So  like  were 
these  impressions  to  the  shape  of  the  human  hand  that  the 
unknown  animal  which  produced  them  was  at  once  christened 
Cheirotherium^  or  "Hand-beast."  Further  discoveries,  how- 
ever, soon  showed  that  the  footprints  of  Cheirotho'iutn  had 
been  produced  by  different  species  of  Batrachians,  to  which  the 
name  of  Labyrinthodonts  was  applied  in  consequence  of  the 
complex  microscopic  structure  of  the  teeth. 

The  order  Labyrinthbdontia  is  thus  defined  by  Professor 
Huxley : — **  The  body  is  salamandriform,  with  relatively  weak 
limbs  and  a  long  tail.  The  dorsal  vertebrae,  when  completely 
ossified,  are  biconcave,  with  double  transverse  processes.  The 
ribs  have  distinct  capitula  and  tubercula. 

"  In  the  thoracic  region,  three  superficially  sculptured  exo- 
skeletal  plates,  one  median  and  two  lateral,  occupy  the  place 
of  the  interclavicle  and  clavicles.  Between  these  and  the  pelvis 
is  a  peculiar  armour,  formed  of  rows  of  oval  dermal  plates, 
which  lie  on  each  side  of  the  middle  line  of  the  abdomen,  and 
are  directed  obliquely  forwards  and  inwards,  to  meet  in  that  line. 

"The  skull  has  distinctly  ossified  epiotic  bones,  in  the  same 
position  and  of  the  same  form  as  those  of  fishes.  The  cranial 
bones  are  sculptured,  and  many  exhibit  peculiar  smooth  sym- 
metrical grooves — the  so-called  '  mucous  canals.' 
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"  The  parietes  or  the  teeth  are  deeply  plaited  and  folded,  so 

as  to  give  rise  to  a  complicated 
'  labyrinthine  '  pattern  in  the 
transverse  section  of  the  tooth." 
The  points  in  which  the  Laby- 
rinthodonts  differ  from  the  mo- 
dem Urodela  are  chiefly  to  be 
found  in  the  fact  that  the  head 
is  defended  by  an  external  cov- 
ering or  helmet  of  hard  and 
polished  osseous  plates,  in  the 
possession  of  ventral  integument- 
ary scutes,  in  the  existence  of 
exoskeletal  plates  occupying  the 
place  of  the  interclavicle  and  cla- 
vicles, in  the  amphicoelous  form 


Fig.  105.— Fool-prinli  of  a  Labynnthodont  (£ 
upper  Agun  ihawi  a  liuglc  faal-prinl  enlaricd 
lereral  piinti,  and  travencd  by  reticulated  -■-'--' 
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of  the  dorsal  vertebne,  and  in  the  complicated  structure  of  the 
teeth.  These  last-mentioned  organs  are  not  only  often  very 
numerous,  but  are  of  large  size.  The  subjoined  illustration 
(fig.  310)  shows  the  beautiful  and  complex  structure  of  the 
teeth,  from  which  the  name  of  the  order  is  derived 
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The  Labyrinthodonts  range  from  the  Carboniferous  Rocks 
to  the  Trias ;  but  some  of  the  forms  commonly  mcluded  in 
this  order  may  perhaps  belong  elsewhere  One  type  of  the 
Labyrinthodonts  is  constituted  by  the  singular  genus  Arch^o- 
saurus,  and  the  less  known  Apateon — both  from  the  Carboni- 
ferous Rocks.  Archegosaurus  is  remarkable  in  having  the 
notochord  persistent,  and  in  the  possession  of  permanent  bran- 
chial arches.  It  has  been  made  by  Professor  Owen  the  type 
of  a  separate  group,  the  Ganocephala;  but  it  is  probably  an 
immature  and  larval  form.  The  occipital  condyles,  also,  do 
not  seem  to  have  been  ossified  in  the  Archegasauria. 

Qi  the  Carboniferous  Labyrinthodonts  the  most  important 
genera  are  Aitthracosaurus,  Pholidogaster,  Ophiderpeton,  Ich- 
thyerpdon,  Urocandyius,  Lepterpeton,  Baphdes,  Raniceps,  Den- 
drerpeton,  Hylerpeton,  and  Hyktwmus ;  though  the  affinities  of 
some  of  these  are  more  or  less  doubtful.  Most  of  the  Car- 
boniferous Labyrinthodonts  were  of  comparatively  small  size ; 
but  some,  such  as  Bap/ietes  (fig.  $11)  a.Tid  Ant Anuoiaurus,  must 
have  attained  gigantic  dimensions.  All  the  above-mentioned 
genera  seem  to  have  possessed  well-ossified  vertebne,  with  well- 
developed  limbs,  the  form  of  the  body  being  mostly  salaman- 
driform,  but  sometimes  fish-like,  or  serpentiform. 
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la  the  Pennian  Rocks,  a  few  remains  of  Labyrinthodonts 
have  been  discovered,  the  genus  Zygosaurus  being  peculiar  to 
this  period. 


Fb.  iij.—BaUula  tLuticiti,  flnm  the  CKtbsnirei 
Dawnn.)  a  AniErior  pirl  of  Ihc  ikull,  viewed  from 
of  the  Ibtecu  teeth,  nilunl  liie. 

In  the  Triassic  Rocks  the  remains  of  Labyrinthodonts 
are  abundant,  the  most  important  genus  being  Labyrinfhothn 
or  Maslodonsaurus.  This  genus  is  known  mainly  by  foot- 
prints and  by  crania ;  and  the  size  attained  by  some  species 
must  have  been  colossal.  No  remains  of  this  order  have 
hitherto  been  discovered  in  rocks  younger  than  the  Trias. 


CHAPTER  XXXII. 

REPTIUA. 

The  true  Reptiles  and  the  Birds,  unlike  as  they  are  in  external 
appearance,  are  nevertheless  related  to  one  another  by  various 
points  of  affinity ;  so  that  they  may  well  be  included  in  a 
single  division,  which  has  been  temted  Sauropsida  by  Huxley. 
The  Sauropsida  are  defined  by  the  possession  of  the  following 
characters  : — At  no  period  of  existenu  are  branckUe,  or  water- 
breathing  respiratory  organs,  developed  upon  the  visceral  arches ; 
the  red  corpuscles  of  the  blood  are  nucleated  ;  the  skull  articulates 
with  the  vertebral  column  by  means  of  a  single  articulating  surface 
or  condyle  ;  and  each  half  or  "  ramus  "  of  the  Imver  jaw  is  com- 
posed of  several  pieces,  and  articulates  with  tite  skull,  not  directly, 
but  by  the  intervention  of  a  peculiar  bone,  coiled  the  "  quadrate 
bone,"  or  " os  quadratum"  {fig.  312). 
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These  being  the  common  characters  of  Reptiles  and  Birds, 
by  which  they  are  collectively  distinguished  from  other  Verte- 
brates, it  remains  to  inquire  what  are  the  characters  by  which 
they  are  distinguished  from  one  another.  The  following,  then, 
are  the  characters  which  separate  the  Reptiles  from  the  Birds : 
— The  blood  in  Reptiles  is  cold — that  is  to  say^  slightly  warmer 
than  the  external  medium — owing  mainly  to  the  fact  theU  the 
pulmonary  and  systemic  circulcUions  are  always  directly  con- 
nected together^  either  within  the  heart  or  in  its  immediate  neigh- 
bourhoodj  so  that  tlie  body  is  supplied  with  a  mixture  of  venous 
and  arterial  bloody  in  place  of  pure  arterial  blood  alone,  77ie 
terminations  of  the  bronchi  at  the  surface  of  the  lung  are  closed^ 
and  do  fwt  communicate  with  air-sacs^  placed  in  different  parts  of 
the  body.  When  the  epidermis  develops  homy  structures^  these 
are  in  the  form  of  homy  plates  or  scales  ^  and  never  in  the  form  of 
feathers.  The  fore-limbs  are  formed  for  various  purposes^  includ- 
ing in  some  cases  even  flighty  but  they  are  never  constructed  upon 
the  type  of  the  ^^  wings  "  of  Birds,  Lastly ^  with  one  or  two  doubt- 
ful exceptions  ^  whilst  the  ankle-joint  is  placed  between  the  distal 
and  proximal  portions  of  the  tarsus,  the  tarsal  and  metatarsal 
bones  of  the  hind-limb  are  never  anchylosed  into  a  single  bone. 

These  are  the  leading  characters  by  which  Reptiles  are  dis- 
tinguished from  Birds ;  but  we  must  not  forget  the  other  dis- 
tinctive peculiarities  in  which  Reptiles  agree  with  Birds,  and 
differ  from  other  Vertebrates — namely,  the  absence  of  branchiae 
at  all  times  of  life,  the  possession  of  only  one  occipital  con- 
dyle, and  the  articulation  of  the  complex  lower  jaw  with  the 
skull  by  means  of  a  quadrate  bone. 

It  is  now  necessary  to  consider  these  characteristics  of  the 
ReptUia  a  little  more  minutely.  The  class  includes  the  Tor- 
toises and  Turtles,  the  Snakes,  the  Lizards,  the  Crocodiles,  and 
a  number  of  extinct  forms  ;  and  with  the  exception  of  the  Tor- 
toises and  Turtles  they  are  mostly  of  an  elongated  cylindrical 
shape,  provided  posteriorly  with  a  long  tail.  The  limbs  may 
be  altogether  absent,  as  in  the  Snakes,  or  quite  rudimentary, 
as  in  some  of  the  Lizards,  but  as  a  general  rule  both  pairs  of 
limbs  are  present,  sometimes  in  the  form  of  ambulatory  legs, 
sometimes  as  swimming-paddles,  and  in  some  extinct  forms 
modified  to  subserve  an  aerial  life.  The  endoskeleton  is 
always  well  ossified,  and  is  never  cartilaginous  or  semi-cartil- 
aginous, as  in  many  Fishes  and  some  Amphibians.  The  skull 
articulates  with  the  atlas  by  a  single  condyle.  The  lower  jaw 
is  complex,  each  half  or  ramus  being  composed  of  from  four  to 
six  pieces,  united  to  one  another  by  sutures  {^%,  312).  In  the 
Tortoises,  however,  these  are  anchylosed  into  a  single  piece, 
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and  the  two  rami  are  also  anchylosed.  In  most  Reptiles,  how- 
ever, the  two  rami  of  the  lower  jaw  are  only  loosely  united — 
in  the  Snakes  by  ligaments  and  muscles  only,  in  the  Lizards 
by  fibro-cartilage,  and  in  the  Crocodilia  by  a  regular  suture. 
In  all,  the  lower  jaw  articulates  with  the  skull  by  a  quadrate 
bone  (fig.  312,  a);  and  as  this  often  projects  backwards,  the 
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Fig.  312.  —Skull  of  a  Serpent  {Python),    b  Articular  portion  of  the  lower  Jaw ; 
a  Quadrate  bone  ;  c  Squamosal  portion  of  the  temporal  bone. 

opening  of  the  mouth  is  often  very  extensive,  and  may  even 
extend  beyond  the  base  of  the  skull.  Teeth  are  usually  pre- 
sent, but  are  not  sunk  in  separate  sockets  or  alveoli,  except  in 
the  Crocodiles  and  in  some  extinct  forms.  In  the  Tortoises 
and  Turtles  alone  of  living  types  there  are  no  teeth,  and  the 
jaws  are  simply  sheathed  in  horn,  constituting  a  kind  of  beak 
like  that  of  a  bird. 

Ribs  are  always  present  and  always  well  developed,  but  they 
differ  much  in  form.  It  is  not  correct,  however,  to  regard  the 
presence  of  ribs  as  separating  the  true  Reptiles  from  the  Am- 
phibia^ as  is  sometimes  stated.  Some  of  the  most  Lizard-like 
of  the  Amphibians,  such  as  the  Siren,  possess  short  but  well- 
developed  ribs,  and  rudiments  of  ribs  are  traceable  in  other 
orders;  whilst  in  the  Ccuiluz  they  are  large  and  well  developed. 

As  regards  the  exoskeleton,  all  Reptiles  have  homy  epider- 
mic scales,  and  they  are  divided  into  two  great  sections — called 
respectively  Squamata  and  Loricata — according  as  the  integu- 
mentary skeleton  consists  simply  of  these  scales,  or  there  are 
osseous  plates  developed  in  the  derma  as  well.  In  the  Tor- 
toises, the  epidermic  plates  unite  with  the  bony  exoskeleton 
and  with  the  true  endoskeleton  to  form  the  case  or  box  in 
which  the  body  of  these  animals  is  enclosed. 

The  class  Reptilia  is  divided  into  the  following  nine  orders, 
of  which  the  first  four  are  represented  by  living  forms,  whilst 
the  remaining  five  are  extinct : — 


Recent 


Extinct. 


356  REPTILIA. 

1.  Chdonia  (Tortoises  and  Turtles). 

2.  Ophidia  (Snakes). 

3.  Lacertilia  (Lizards). 

4.  Crocodilia  (Crocodiles  and  Alligators). 

5.  Ichthyopterygitu 

6.  Sauropterygia, 

7.  Anomodontia, 

8.  Fterosauria, 

9.  JDeinosauria, 
As  regards  their  general  distribution  in  time^  the  Reptilia 

attained  their  maximum  of  development  in  the  Mesozoic 
period,  which  has  hence  often  been  called  the  "Age  of  Reptiles.*' 
If  the  Elgin  Sandstones,  containing  the  remains  of  Tekrpeton 
and  Stagonolepis^  be  of  Triassic  age — ^as  seems  almost  certain 
— ^then  no  Reptile  has  as  yet  been  discovered  in  the  Devonian 
Rocks.  In  the  Carboniferous  Rocks,  the  place  of  the  true 
Reptiles  seems  to  have  been  taken  by  the  Amphibian  group  of 
the  Labyrinthodonts.  It  is  possible,  however,  that  the  little 
Hylonomus^  of  which  three  species  were  discovered  in  the  Coal- 
strata  of  Nova  Scotia  by  Dr  Dawson,  may  be  Lacertian  in  its 
affinities.  It  is  also  possible  that  the  vertebrae  from  strata  of 
the  same  age  described  by  Professor  Marsh  under  the  name  of 
Eosaurus  Acadimsis^  may  belong  to  a  marine  reptile  allied  to 
Ichthyosaurus,  In  the  Permian  Rocks  the  first  undoubted 
Reptilian  remains  occur,  the  Protorosaurus  of  this  period  being 
probably  a  Lacertilian. 

Throughout  the  whole  Mesozoic  series.  Reptilian  remains 
are  abundant  and  belong  to  numerous  and  strange  types. 
Chelonians  and  true  Crocodiles,  with  Lizards  allied  to  existing 
forms,  make  their  first  appearance  in  deposits  belonging  to  this 
period.  The  extinct  orders  of  the  Ichthyopterygia^  Saurop- 
terygia,  Anomodontia,  Fterosauria^  and  Deinosauria^  not  only 
first  appear  in  Mesozoic  deposits,  but  are  exclusively  confined 
to  rocks  of  this  age.  In  the  Tertiary  period,  lastly,  the 
remains  of  Reptiles  are  comparatively  rare,  and  the  number 
of  types  is  much  reduced.  The  living  order  of  the  Ophidia^ 
however,  makes  its  first  appearance  in  the  Tertiary  deposits. 
In  the  following  view  of  the  characters  and  distribution  in  time 
of  the  orders  of  the  Reptiles,  it  will  be  advisable  to  consider 
the  recent  orders  first,  though  this  is  not  in  accordance  with 
their  natural  arrangement. 

Order  I.  Chelonia, — The  first  order  of  living  Reptiles  is 
that  of  the  Chelonia^  comprising  the  Tortoises  and  Turtles,  and 
distinguished  by  the  following  characters: — There  is  an  osseous 
exoskeleton  which  is  combined  with  the  endoskeleton  to  form 
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a  kiod  of  bony  case  or  box  in  which  the  body  of  the  animal  is 
enclosed,  and  which  is  covered  by  a  leathery  skin,  or,  more 
usually,  by  horny  epidermic  plates.  The  dorsal  vertebras  are 
immovably  connected  together,  and  are  devoid  of  transverse 
processes.     The  ribs  are  greatly  expanded  (fig.  313,  r),  and 


are  united  to  one  another  by  sutures,  so  that  the  walls  of  the 
thoracic  cavity  are  immovable.  All  the  bones  of  the  skull 
except  the  lower  jaw  and  the  hyoid  bone  are  immovably  united 
together.  There  are  no  teeth,  and  the  jaws  are  encased  in 
horn  so  as  to  form  a  kind  of  beak.  The  heart  is  three- 
chambered,  the  ventricular  septum  being  imperfect. 

Of  these  characters  of  the  Ckelenia,  the  most  important  and 
distinctive  are  the  nature  of  the  jaws,  and  the  structure  of  the 
exoskeleton  and  skeleton.  As  regards  the  first  of  these  points, 
the  lower  jaw  in  the  adult  appears  to  consist  of  a  single  piece, 
its  complex  character  being  masked  by  anchylosis.  The  sepa- 
rate pieces  which  really  compose  each  ramus  of  the  jaw  are 
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immovably  anchylosed  together,  and  the  two  rami  are  also 
united  in  front  by  a  true  bony  union.  There  are  also  no 
teeth,  and  the  edges  of  the  jaws  are  simply  sheathed  in  horn, 
constituting  a  sharp  beak.  As  regards  the  second  of  these 
points,  the  bony  case  in  which  the  body  of  a  Chelonian  is 
enclosed  consists  essentially  of  two  pieces,  a  superior  or  dorsal 
piece,  generally  convex,  called  the  "  carapace,"  and  an  inferior 
or  ventral  piece,  generally  flat  or  concave,  called  the  "plastron." 
The  carapace  and  plastron  are  firmly  united  along  their  edges, 
but  are  so  excavated  in  front  and  behind  as  to  leave  apertures 
for  the  head,  tail,  and  fofe  and  hind  limbs.  The  limbs  and 
tail  can  almost  always  be  withdrawn  at  will  under  the  shelter 
of  the  thoracico-abdominal  case  formed  in  this  way  by  the 
carapace  and  plastron,  and  the  head  is  also  generally  re- 
tractile. 

The  carapace  or  dorsal  shield  is  composed  of  the  flattened 
spinous  processes  of  the  dorsal  vertebrae,  the  expanded  ribs, 
and  usually  a  series  of  marginal  bones — the  whole  covered  by 
homy  epidermic  plates  or  by  a  leathery  skin.  The  plastron 
or  ventral  shield  is  composed  of  nine  bony  pieces,  which  are 
probably  integumentary  ossifications,  but  which  are  sometimes 
regarded  as  composing  a  modified  and  greatly  -  expanded 
breast-bone.  The  scapular  and  pelvic  arches,  supporting  re- 
spectively the  fore  and  hind  limbs,  are  placed  within  the  cara- 
pace.    As  in  the  Crocodilia^  clavicles  are  wanting. 

From  the  aquatic  habits  of  many  of  the  members  of  this  order 
they  are  by  no  means  uncommon  in  the  fossil  condition.  The 
Turtles  frequent  the  sea,  and  thus  come  naturally  to  be  fossils 
in  marine  deposits ;  and  the  preservation  of  all  the  Chelonians 
alike  is  rendered  easy  by  the  indestructible  nature  of  the  case 
in  which  their  bodies  are  enclosed. 

The  Chelonians  may  be  divided  into  sections  according  as 
the  limbs  are  natatory,  are  adapted  for  an  amphibious  life,  or 
are  fitted  for  terrestrial  progression.  In  the  first  of  these  sec- 
tions are  the  true  Turtles  {Chdoniidci)^  which  firequent  the 
sea,  and  are  distinguished  by  their  depressed  and  flattened 
carapace,  and  by  their  oar-like  limbs.  In  the  second  section 
are  the  River  and  Marsh  Tortoises,  comprising  the  Soft  Tor- 
toises {Trionycida)  and  the  Terrapins  LEmydidai),  In  the 
third  section  are  the  true  Land-tortoises  (Tesfudimdce),  distin- 
guished by  their  strongly  convex  carapace,  and  limbs  adapted 
for  walking  upon  the  land.  All  these  three  sections  are  repre- 
sented in  past  time,  the  Turtles,  Trumya'dtg,  and  Emydidct 
appearing  for  the  first  time,  so  far  as  is  certainly  known,  in  the 
Jurassic  series,  whilst  the  Testudinida  do  not  appear  till  the 
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commencement  of  the  Tertiary  epoch.  The  earliest  known 
traces  of  Chelonians  occur  in  the  Permian  Rocks,  in  the  lower 
portion,  that  is,  of  the  NeW  Red  Sandstone  of  older  geologists. 
These  traces,  however,  are  not  wholly  satisfactory,  since  they 
consist  solely  of  the  footprints  of  the  animal  upon  the  ripple- 
marked  surfaces  of  the  sandstone.  Of  this  nature  is  the 
Ckdkhnus  Duncani,  described  by  Sir  William  Jardine  in  his 
classical  work  on  the 
'  Ichnology  '  of  Annan- 
dale  in  Dumfriesshire. 
With  doubtful  excep- 
tions, the  first  unequi- 
vocal remains  of  Che- 
lonians appear  in  the 
Jurassic  series.  The 
Cfubniidrx  make  their 
first  undoubted  ap- 
pearance with  the  Che- 
lotu  planieeps  of  the 
Portland  stone  (Upper 
Oolite).  In  the  Cre- 
taceous series  are  seve- 
ral turtles,  one  of  which 
is  figured  below  {fig. 
314).  In  the  Tertiary 
Rocks  the  remains  of 
Turtles  are  abundant, 
and  especially  so  in  the 
London  Clay  (Eocene). 
Species  of  Emydida 
have  been  cited  from 
the      Jurassic      series, 

some  of  which  appear  to  be  free  from  doubt  A  species  of 
Emyi  occurs  in  the  Wealden,  and  numerous  fonns  of  this 
family  have  been  detected  in  formations  of  Tertiary  age,  es- 
pecially in  the  Eocene  and  Miocene.  The  TVionycidm,  except 
for  a  femur  described  by  Owen  from  the  Lias,  are  not  known 
to  have  existed  prior  to  the  commencement  of  the  Tertiary 
period.  Numerous  species  of  Triotiyx,  however,  occur  in  the 
Eocentf,  and  others  have  been  described  from  the  Miocene 
and  Pliocene.  The  Tatudmidee  or  Land-tortoises  appear  to 
have  commenced  their  existence  in  the  Miocene  Tertiary. 
The  most  remarkable  form  of  this  group  is  the  great  Co/osso- 
chdyi  Atlas  of  the  Tertiary  deposits  of  the  Sivalik  Hills,  which 
is  believed  to  have  reached  the  gigantic  length  of  twenty  feet 


Fig.  314.— C**/«K  Bnaitdi.    Lowtt  Chalk. 
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Order  II.  Ophidia. — The  second  order  of  Reptiles  .  is 
that  of  the  Ophidiay  comprising  the  Snakes  and  Serpents,  and 
distinguished  by  the  following  characters  : — 

The  body  is  always  more  or  less  elongated,  cylindrical,  and 
worm-like,  and  whilst  possessing  a  covering  of  homy  scales,  is 
always  unprovided  with  a  bony  exoskeleton.  The  dorsal  ver- 
tebrae are  concave  in  front  (proccelous),  with  rudimentary  trans- 
verse processes.  There  is  never  any  sternum,  nor  pectoral 
arch,  nor  fore-limbs,  nor  sacrum,  and  as  a  rule  there  are  no 
traces  of  hind-limbs.  Rudimentary  hind-limbs,  however,  are 
occasionally  present  {e,  ^.,  in  Python  and  Tortrix),  There  are 
always  numerous  ribs.  The  two  halves  or  rami  of  the  lower 
jaw  are  composed  of  several  pieces,  and  the  rami  are  united 
anteriorly  by  ligaments  and  muscles  only,  and  not  by  cartilage 
or  suture.  The  lower  jaw,  further,  articulates  with  the  skull  by 
means  of  a  quadrate  bone  (fig.  312,  a\  which  is  always  more 
or  less  movable,  and  is  in  turn  united  with  the  squamous  por- 
tion of  the  temporal  bone  ("  mastoid  bone "),  which  is  also 
movable,  and  is  not  firmly  united  with  the  skull.  The  superior 
maxillae  are  united  with  the  praemaxillae  by  ligaments  and  mus- 
cles only,  and  the  palatine  arches  are  movable  and  armed  with 
pointed  recurved  teeth.  Hooked  conical  teeth  are  always  pre- 
sent, but  they  are  never  lodged  in  distinct  sockets  or  sdveoli. 
Functionally,  they  are  capable  of  performing  nothing  more 
than  merely  holding  the  prey  fast,  and  the  Snakes  are  provided 
with  no  genuine  masticatory  apparatus.  The  heart  has  three 
chambers,  two  auricles  and  a  ventricle,  the  latter  imperfectly 
divided  into  two  cavities  by  an  incomplete  septum.  The  lungs 
and  other  paired  organs  are  mostly  not  bilaterally  symmetrical, 
one  of  each  pair  being  either  rudimentary  or  absent. 

The  three  most  important  groups  of  the  existing  Ophidians 
are  the  Colubrine  Snakes,  the  Constricting  Snakes,  and  the 
Viperine  Snakes.  In  the  first  of  these  the  upper  jaws  carry 
solid  teeth,  with  or  without  canaliculated  fangs  as  well.  In 
the  second  group  are  the  Boas  and  Pythons,  distinguished  by 
their  great  size,  enormous  muscular  power,  and  numerous 
strong  recurved  teeth.  In  the  third  group  are  Snakes,  in  which 
the  upper  jaws  carry  only  a  pair  of  perforated  poison-fangs. 

Most  of  the  existing  Snakes  are  terrestrial  in  their  habits, 
and  are  therefore  not  likely  to  be  preserved  in  stratified  de- 
posits. Many  of  these,  however,  take  to  the  water  occasionally, 
and  some  habitually  frequent  rivers  or  the  sea  itself.  All  the 
above-mentioned  groups  of  Ophidians  are  represented  in  past 
time,  but  they  are  neither  abundant  nor  of  importance  as  fossils. 
No  remains  of  Ophidians  are  known  to  occur  in  any  Palaeozoic 
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or  Mesozoic  deposit.  The  earliest  known  traces  of  any  ser- 
pent are  in  the  Lower  Kainozoic  Rocks,  the  oldest  being  the 
Palceophis  toliapicus  of  the  London  Clay  of  Sheppey.  The 
nearly-allied  Faiaophis  typhcsus  of  the  Eocene  beds  of  Brackle- 
sham  appears  to  have  been  a  Boa-constrictor-like  snake  of 
about  twenty  feet  in  length.  Other  species  of  Pakeophis  have 
been  described  from  the  Tertiary  Rocks  of  the  United  States, 
and  the  genus  Dinophis  has  been  formed  for  the  reception  of 
another  gigantic  constricting  Serpent  from  the  same  formation. 
In  some  of  the  later  deposits  have  been  found  the  poison- 
fangs  of  a  venomous  snake.  Upon  the  whole,  however,  the 
Snakes  must  be  looked  upon  as  a  comparatively  modem  group, 
and  not  as  one  of  any  great  geological  antiquity. 

Order  IIL  Lacertilia. — ^The  third  order  of  Reptiles  is 
that  of  the  Lacertilia^  comprising  all  those  animals  which  are 
commonly  known  as  Lizards,  together  with  some  serpentiform 
animals  such  as  the  Blind-worms.  The  Lacertilia  are  dis- 
tinguished by  the  following  characters : — 

As  a  general  rule,  there  are  two  pairs  of  well-developed 
limbs,  but  there  may  be  only  one  pair,  or  all  the  limbs  may  be 
absent  A  scapular  arch  is  always  present,  whatever  the  con- 
dition of  the  limbs  may  be.  An  exoskeleton,  in  the  form  of 
homy  scales  like  those  of  the  Snakes,  is  almost  always  present. 
The  vertebrae  of  the  dorsal  region  are  proccelous  or  concave  in 
front,  rarely  amphiccelous  or  concave  at  both  ends.  There  is 
a  single  transverse  process  at  each  side,  and  the  heads  of  the 
ribs  are  simple  and  undivided.  There  is  either  no  sacmm,  or 
the  sacral  vertebrae  do  not  exceed  two  in  number.  The  teeth 
are  not  lodged  in  distinct  sockets.  The  eyes  are  generally 
fumished  with  movable  eyelids,  and  are  always  so  in  the  com- 
pletely snake-like  forms.  The  heart  consists  of  two  auricles 
and  a  ventricle,  the  latter  partially  divided  by  an  incomplete 
partition.  There  is  a  urinary  bladder,  and  the  aperture  of  the 
cloaca  is  transverse. 

As  a  general  rule,  the  animals  included  under  this  order 
have  four  well-developed  legs,  and  would  therefore  be  popu- 
larly called  "  Lizards."  In  some  {Chirotes)  there  are  no  hind- 
feet  ;  in  some  (Bipes)  the  fore-limbs  are  wanting ;  and  others 
(Anguis,  Pseudopus^  and  Atnphisbcena)  are  entirely  destitute 
of  limbs,  thus  coming  closely  to  resemble  the  tme  Snakes 
or  Ophidians  in  extemal  appearance.  These  serpentiform 
Lizards,  however,  can  be  distinguished  from  the  tme  Snakes, 
amongst  other  characters,  by  the  stmcture  of  the  jaws.  In 
the  Snakes,  as  before  said,  the  two  rami  of  the  lower  jaw  are 
loosely  united  in  front  by  ligaments  and  muscles,  and  are 
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attached  behind  to  a  movable  quadrate  bone,  which  is  in  turn 
connected  with  a  movable  squamosal,  this  giving  an  enormous 
width  of  gape  to  these  animals.  In  the  Lizards,  however,  even 
in  those  most  like  the  Snakes,  the  halves  of  the  lower  jaw  are 
firmly  united  to  one  another  in  front,  and  though  the  quadrate 
bone  is  usually  more  or  less  movable,  the  jaws  can  in  no  case 
be  separated  to  anything  like  the  extent  that  characterises  the 
Ophidia, 

The  Lizards  are  distinguished  from  the  Crocodiles,  amongst 
other  characters,  by  the  fact  that  the  integumentary  covering  is 
in  the  form  of  homy  scales,  never  with  bony  "  scutes,"  whilst 
the  teeth  are  rarely  or  never  sunk  into  distinct  sockets.  In  many 
cases  the  teeth  are  anchylosed  to  the  summit  of  the  margin  of 
the  jaw  ("acrodont"  dentition);  in  other  cases  they  are  at- 
tached by  their  sides  to  the  inner  surface  of  the  jaw  ("  pleuro- 
dont"  dentition). 

The  whole  order  of  the  Lacertilia  is  very  often  united  with 
the  next  group  of  the  Crocodilian  under  the  name  of  Sauria. 
The  term  "  Saurian,*'  however,  is  an  exceedingly  convenient 
one  to  designate  all  the  reptiles  which  approach  the  typical 
Lizards  in  external  configuration,  whatever  their  exact  nature 
may  be ;  and  from  this  point  of  view  it  is  often  very  useful  as 
applied  to  many  fossil  forms,  the  structure  of  which  is  only  im- 
perfectly known.  It  is  therefore  perhaps  best  to  employ  this 
term  merely  in  a  loose  general  sense. 

It  is  hardly  possible,  with  our  present  knowledge,  to  speak 
very  positively  as  to  the  exact  range  of  the  Lacertilia  in  time. 
This  uncertainty  arises  from  two  causes — firstly,  that  there  is 
some  doubt  as  to  the  exact  age  of  some  deposits  which  have 
yielded  Lacertilian  remains ;  and  secondly,  that  the  affinities  of 
some  extinct  Reptiles  are  a  matter  of  considerable  question. 
Upon  the  whole,  the  oldest  known  Lacertilian  would  appear  to 
be  the  Protorosaurus  of  the  Middle  Permian  Rocks ;  though 
good  authorities  have  placed  this  form  in  the  Crocodilian  group 
of  the  Thecodontia,  Protorosaurus  attained  a  length  of  between 
three  and  four  feet,  and  differs  from  all  existing  Lizards  in 
having  its  teeth  implanted  in  distinct  sockets — this  being  a 
Crocodilian  character.  In  other  respects,  the  Permian  reptile 
approximates  closely  to  the  living  Monitors  (  VaranidcR)^  and  its 
slightly-cupped  vertebrae  would  lead  to  the  belief  that  it  was 
aquatic  in  its  habits. 

In  rocks  known,  or  supposed,  to  be  of  Triassic  age,  nume- 
rous Lacertilian  reptiles  have  been  discovered,  of  which  the 
most  important  are  Tderpeton^  Hyperodapedon^  and  Rhyruha- 
saurus.     TeUrpeton  occurs  in  strata  near  Elgin,  in  Scotland, 


LACERTILIA.  363 

which  have  been  variously  referred  to  the  Upper  Devonian 
and  to  the  Trias,  but  which  almost  certainly  belong  to  the  latter. 
Professor  Huxley  concludes  that  Tderpelon  "  presents  not  a 
single  character  approximating  it  towards  the  type  of  the  Per- 
mian Protosauria,  nor  to  the  Triassic  Rkynehosaurus,  and  other 
(probably  Triassic)  African  and  Asiatic  allies  of  that  genus, 
nor  to  the  Mesozoic  Dinosauria;  still  less  can  it  be  considered 
a  '  generalised '  form,  or  as,  in  any  sense,  a  less  perfectly  organ- 
ised creature  than  the  Gecko,  whose  swift  and  noiseless  run 
over  walls  and  ceilings,  surprises  the  traveller  in  warmer  cli- 
mates than  our  own."  In  its  dentition,  TeUrpdon  seems  to 
have  been  "acrodont,"and  it  differs  from  most  existing  Lizards 
merely  in  having  amphicaelous,  and  not  procoelous,  vertebrae. 

Hyperodapedon  was  originally  discovered  in  the  "  Elgin  Sand- 
stones "  along  with  Telerpeton,  and  it  has  since  been  found  in 
Strata  of  Triassic  age  in  India.  It  was  described  by  Professor 
Huxley  as  "  a  Saurian  reptile  about  six  feet  long,  remarkable 
for  the  flattened  or  slightly  concave  articular  surfaces  of  the 
centra  of  its  vertebne,  and  for  its  well-developed  costal  system 
and  fore  and  hind  limbs  ;  but  more  particularly  characterised 
by  its  numerous  series  of  sub-cylindrical  palatal  teeth."  Upon 
the  whole,  Huxley  concludes  that  Hyperodapedon  is  most 
nearly  allied  to  the  living  Sphemsdon  (Hattfrid^  of  New  Zealand, 
upon  the  grounds  that  both  "  have  amphicoslous  vertebne 
(those  of  the  ancient  reptile  being  far  less  fish-like  than  those 
of  the  modem  one,  be  it  noted) ;  both  have  beak-like  prsmax- 
illfe,  not  anchylosed  together ;  both  have  the  inferior  zygoma 
complete ;  both  have  sirailarly-formed  lower  jaws ;  in  each  a 
single  row  of  teeth  in  the  mandible  bites  between  two  rows  of 
teeth  fixed  to  a  plate,  which  is  formed  by  a  union  of  the  maxil- 
la with  the  palatine  bone — a  structure  which  is  quite  anom- 
alous amongst  Lacertitians ;  and,  finally,  in  both,  these  teeth 
wear  down  to  the  bone  of  the  jaw  by  masticatory  attrition." 

The  genus  Rhynchosaurus  is  in  a  doubtful  position,  but 
may  conveniently  be  considered 
here.  By  Huxley  its  affinities 
are  regarded  as  being  Lacertili- 
an,  but  by  Owen  it  is  looked 
upon  as  belonging  to  the  Ano- 
modofdia,  and  as  being  most 
nearly  allied  to  Oudmodon.  In 
many  points  Rhynchoiaurus  ap- 
proaches the  existing  Lizards, 
but  its  vertebrae  are  amphicaelous,  and  the  structure  of  the 
mouth  is  quite  unlike  that  of  any  living  Lacertilian.     The  skull 
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(tig.  315)  is  pyramidal,  and  the  jaws  do  not  exhibit  any  traces 
of  teeth.  If  Uie  mouth  be  really  edentulous,  then  Rkynchoiau- 
rus  should  probably  be  removed  from  the  Lacertilia;  but  this 
point  cannot  in  the  meanwhile  be  definitely  decided  in  the 
affirmative. 

Amongst  other  Triassic,  or  supposed  Triassic,  Lacertilians, 
may  be  mentioned  Sauroslerngn  and  Pristerodon,  from  strata 
believed  to  be  of  Triassic  age  in  Africa,  and  Clepsysaurus  and 
Cmtemodon  from  deposits  of  the  same  age  in  North  America, 

In  the  Jurassic  period,  the  remains  of  Lacertilians  are  not 
unknown,  but  call  for  little  special  notice.  Several  forms  of 
little  importance  have  been  described  from  the  Middle  Oolites. 
In  the  fresh-water  strata  of  the  Piirbeck  series  (Upper  Oolites), 
occur  the  remains  which  have  been  referred  to  the  genera 
Nuthdes,  Maallodon,  Saurillus,  and  Eckinodmi.  These  are, 
perhaps,  the  first  traces  in  the  stratified  series  of  remains,  the 
affinities  of  which  to  the  typical  Lacertidat  cannot  be  disputed. 

In  the  Cretaceous  series  occur  the  small-  Lizards  which  con- 
stitute the  genera  Raphiosaurus,  Coniosaurus,  and  Dolicftosau- 
rus.  Here  also,  and  almost  exclusively  confined  to  strata,  of 
this  age,  occur  the  singular  Lacertilians  which  form  the  group 
of  the  "  Mosasauroids."  These  remarkable  Reptiles  were  of 
gigantic  size,  Mosasaurus  princtps  being  believed  to  have  at- 
tained the  enormous  length  of  not  less  than  seventy-five  feet 
The  teeth  in  these  reptiles  (fig.  3r6)  are  long,  pyramidal,  and 
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slightly  curved ;  but  they  are  anchylosed  to  the  jaw,  and  are 
not  sunk  into  distinct  sockets,  as  in  the  living  Crocodiles. 
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From  the  shortness  of  the  humerus,  and  the  indications  that 
the  vertebral  column  was  unusually  flexible,  and  that  the  tail 
was  laterally  compressed,  it  was  early  conjectured  that  the 
Mosasauroids  were  marine  and  aquatic  in  their  habits.  This 
conjecture  has  been  raised  to  the  rank  of  a  certainty  by  the 
discovery  that  the  fore  and  hind  limbs  of  the  Mosasauroids 
were  in  the  form  of  fin-like  paddles,  like  those  of  the  Ichthyo- 
saur  and  Plesiosaur.  There  can  therefore  be  no  doubt  that 
Mosasaurus — like  the  living  Amblyrhynchtis — was  aquatic  in  its 
haj)its,  and  frequented  the  sea-shore,  coming,  in  fact,  only  oc- 
casionally to  the  land.  The  best-known  genus  is  Mosasaurus^ 
of  which  the  most  celebrated  species  is  the  M,  Catnperi  (fig. 
316)  of  the  Maestricht  Chalk.  Other  genera  belonging  to  this 
group  are  Leiodon^  Baptosaurus^  and  Halisaurus,  Recently, 
Marsh  has  described  bony  dermal  scutes  as  present  in  several 
Mosasauroids  (^.^.,  Holcodus^  Ldodon,  and  Edestosaurus)^  thus 
rendering  their  Lacertilian  aifinities  doubtful. 

In  the  Tertiary  Rocks  the  remains  of  Lacertilians  are  not  by 
aivy  means  unknown,  but  none  of  the  forms  of  this  period  are 
sufficiently  important  to  demand  especial  attention.  Most  of 
the  Tertiary  Lacertilians,  however,  are  of  small  size,  and  ap- 
pear to  have  been  terrestrial  in  their  habits,  thus  approximating 
to  the  typical  existing  Lizards. 

Order  IV.  Crocodilia. — ^The  last  and  highest  order  of 
the  living  ReptUia  is  that  of  the  Crocodilia^  including  the  living 
Crocodiles,  Alligators,  and  Gavials,  and  characterised  by  the 
following  peculiarities : — 

The  body  is  covered  with  an  outer  epidermic  exoskeleton 
composed  of  homy  scales,  and  an  inner  dermal  exoskeleton 
consisting  of  squared  bony  plates  or  scutes,  which  may  be  con- 
fined to  the  dorsal  surface  alone,  or  may  exist  on  the  ventral 
surface  as  well,  and  which  are  disposed  on  the  back  of  the 
neck  into  groups  of  different  form  and  number  in  different 
species.  The  bones  of  the  skull  and  face  are  firmly  united  to- 
gether, and  the  two  halves  or  rami  of  the  lower  jaw  are  united 
in  front  by  a  suture.  There  is  a  single  row  of  teeth,  which  are 
implanted  in  distinct  sockets,  and  hollowed  at  the  base  for  the 
germs  of  the  new  teeth,  by  which  they  are  successively  pushed 
out  and  replaced  during  the  life  of  the  animal.  The  centra  of 
the  dorsal  vertebrae  in  all  living  Crocodilia  are  proccelous,  or 
concave  in  front,  but  in  the  extinct  forms  they  may  be  either 
amphicoelous  (concave  at  both  ends)  or  opisthocoelous  (con- 
cave behind).  The  vertebral  ends  of  the  anterior  trunk-ribs 
are  bifurcate.  There  are  two  sacral  vertebrae.  The  cervical 
vertebrae  have  small  ribs  (hence  the  difficulty  experienced  by 
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the  animal  in  turning  quickly) ;  and  there  are  generally  false 
abdominal  ribs  produced  by  the  ossification  of  the  tendinous 
intersections  of  the  recti  muscles.  There  are  no  clavicles. 
The  heart  consists  of  four  completely  distinct  and  separate 
cavities,  two  auricles,  and  two  ventricles,  the  ventricular  sep- 
tum— ^as  in  no  other  Reptiles — ^being  complete.  The  right  and 
left  aortse,  however,  or,  in  other  words,  the  pulmonary  artery 
and  systemic  aorta,  are  connected  together  close  to  their  origin 
by  a  small  aperture  {foramen  jPanizza),  so  that  the  two  sides 
of  the  heart  communicate  with  one  another.  The  aperture  of 
the  cloaca  is  longitudinal,  and  not  transverse,  as  in  the  Lizards. 
All  the  four  limbs  are  present,  the  anterior  ones  being  penta- 
dactylous,  the  posterior  tetradactylous.    All  are  oviparous. 

The  chief  points  by  which  the  Crocodiles  are  distinguished 
from  their  near  allies,  the  Lacertilians,  are  the  possession  of 
a  partial  bony  dermal  exoskeleton  in  addition  to  the  ordinary 
epidermic  covering  of  scales,  the  lodgment  of  the  teeth  in 
distinct  sockets,  and  the  fact  that  the  mixture  of  venous  and 
arterial  blood,  which  is  so  characteristic  of  Reptiles,  takes 
place,  not  in  the  heart  itself,  but  in  its  immediate  neighbour- 
hood, by  a  communication  between  the  pulmonary  artery  and 
aorta  directly  after  their  origin. 

The  order  Crocodilia  is  divided  into  three  sub-orders,  termed 
Procodia^  Amphicalia^  and  Opisthocoelia  according  as  the  dorsal 
vertebrae  are  concave  in  front,  concave  at  both  ends,  or  con- 
cave behind.  The  sub-order  Procoelia  comprises  all  the  living 
forms — namely,  the  Crocodiles  proper,  the  Alligators,  and  the 
Gavials.  The  first  of  these  have  the  fourth  tooth  in  the  lower 
jaw  (fig.  317)  larger  than  the  others,  forming  a  canine  tooth, 


Fig.  317. — Skull  of  young  Crocodiliis  biporcatus  (after  Van  der  HSven). 

which  is  received  into  a  notch  excavated  in  the  alveolar  border 
of  the  upper  jaw,  so  that  it  is  visible  externally  when  the  mouth 
is  closed.  In  the  Alligators  (fig.  318),  the  fourth  tooth  in  the 
lower  jaw  forms  a  canine  which  is  received  into  a  pit  in  the 
palatal  surface  of  the  upper  jaw,  where  it  is  completely  con- 
cealed when  the  mouth  is  shut.     In  the  Gavials  the  snout  is 
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greatly  prolonged,  and  the  teeth  are  prett}'  nearly  equal  !□  size 
and  similar  in  form  in  the  two  jaws. 

The  Froaziian  Crocodiles  occur  for  the  first  time  in  the 
Greensand  (Cretaceous  Series)  of  North  America.  In  Europe, 
however,  the  earliest  remains  of  Proccelian  Crocodiles  are  from 
the  Lower  Tertiary  Rocks  (Eocene),  It  is  a  curious  fact  that 
in  the  Eocene  Rocks  of  the  south-west  of  England,  there  occur 
fossil  remains  of  all  the  three  living  types  of  the  Crowdilia — 
namely,  the  Gavials,  true  Crocodiles,  and  Alligators ;  though 
at  the  present  day  these  forms  are  all  geographically  restricted 
in  their  range,  and  are  never  associated  together. 


The  Amphimlian  Crocodiles  are  characterised  by  their 
biconcave  vertebras,  and  are  entirely  extinct,  being  confined 
"altogether  to  the  Mesozoic  period.  The  biconcave  vertebras 
show  a  decided  approach  to  the  structure  of  the  backbone  in 
fishes ;  and  as  the  rocks  in  which  they  occur  are  mostly  marine, 
there  can  be  little  doubt  but  that  these  Crocodiles  were,  in 
the  majority  of  cases  at  any  rate,  inhabitants  of  the  sea.  The 
typical  members  of  this  sub-order  range  from  the  Lias  to  the 
Chalk ;  and  the  most  important  genera  are  Tdeosaurus,  Simeo- 
saurus,  Dakosaurus,  Makrospondylus,  Goitiopholis,  and  Suchc- 
saurus,  the  two  last  mentioned  occuning  in  the  fresh-water 
deposits  of  the  Wealden  (Cretaceous). 

The  Sfagorwiepis  of  the  Elgin  Sandstone,  with  its  pitted  dermal 
bony  scutes,  is  now  believed  to  be  truly  referable  to  the  Croat- 
dilia.  As  before  said,  the  Elgin  Sandstones  are  probably  Triassic 

We  may  briefly  consider  here  a  group  of  Reptiles  which 
have  been  regarded  as  Crocodilian,  but  which  are  placed  by 
Owen  in  a  separate  order  under  the  name  of  Thecodontia,  and 
which  are  looked  upon  by  Huxley  as  being  Deinosaurian.    The 
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"Thecodont"  Reptiles  are  defined  as  follows: — "Vertebral 
bodies  biconcave ;  ribs  of  the  trunk  long  and  bent,  the  anterior 
ones  with  a  bifurcate  head ;  sacrum  of  three  vertebrae ;  limbs 
ambulatory,  femur  with  a  third  trochanter.  Teeth  with  the 
crown  more  or  less  compressed,  pointed,  with  trenchant  and 
finely  serrate  margins,  implanted  in  distinct  sockets." — (Owen.) 

The  Thecodont  Reptiles  are  Triassic,  and  the  three  most  im- 
portant genera  are  ThecodontosauruSy  Palaosaurus^  and  Bdodon, 
the  last  from  undoubted  Triassic  strata,  whilst  the  two  former 
occur  in  a  dolomitic  conglomerate  near  Bristol,  which  has 
sometimes  been  thought  to  be  Permian,  but  which  is  also 
almost  certainly  Triassic  In  some  respects  these  reptiles 
make  an  approach  to  the  Lacertians ;  but,  on  the  whole,  litde 
doubt  can  be  entertained  as  to  their  truly  belonging  to  the 
Amphicoelian  Crocodiles. 

The  sub-order  of  the  Opisthocalian  Crocodiles,  including 
those  forms  in  which  the  anterior  trunk  vertebrae  are  concave 
behind,  is  one  which  can  be  only  provisionally  retained  Pro- 
fessor Owen  includes  in  this  section  the  two  genera  StrepUh 
spondylus  and  Cetiosaurus;  but  the  latter  is  referable  to  the 
Deinosauria,  and  will  be  treated  of  when  that  order  is  con- 
sidered. The  genus  Streptospondylus  has  been  founded  on 
vertebrae  obtained  from  the  Oolitic  and  Wealden  formations ; 
but  there  are  doubts  as  to  the  true  position  of  the  reptile  to 
which  these  belonged. 


CHAPTER  XXXIII. 

EXTINCT  ORDERS  OF  REPTILES. 

It  remains  now  to  consider  briefly  the  leading  characters  of 
five  wholly  extinct  orders  of  Reptiles,  the  peculiarities  of  which 
are  very  extraordinary,  and  are  such  as  are  exhibited  by  no 
living  forms. 

Order  V.  Ichthyoptervgia,  Owen  ( =  Ichthyosauriay  Hux- 
ley).— The  gigantic  Saurians  forming  this  order  were  distin- 
guished by  the  following  characters  : — 

The  body  was  fish-like,  without  any  distinct  neck,  and  pro- 
bably covered  with  a  smooth  or  wrinkled  skin,  no  horny  or 
bony  exoskeleton  having  been  ever  discovered.  The  vertebrae 
were  numerous,  deeply  biconcave  or  amphicoelous,  and  having 
the  neural  arches  united  to  the  centra  by  a  distinct  suture. 
The  anterior  trunk-ribs  possess  bifurcate  heads.    There  is  do 
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sacrum,  and  no  sternal  ribs  or  sternum,  but  clavicles  were  pre- 
sent, as  well  as  an  interclavicle  (epistemum) ;  and  faJse  ribs 
were  developed  in  the  walls  of  the  abdomen.  The  skull  had 
enormous  orbits  separated  by  a  septum,  and  an  elongated 
snout  The  eyeball  was  protected  by  a  ring  of  bony  plates  in 
the  sclerotic.  The  teeth  were  not  lodged  in  distinct  sockets, 
but  in  a  common  alveolar  groove.  The  fore  and  hind  limbs 
were  converted  into  swimming-paddles,  the  ordinary  number 
of  digits  (hve)  remaining  recognisable,  but  the  phalanges  being 
greatly  increased  in  number,  and  marginal  ossicles  being  added 
as  well.     A  vertical  caudal  fin  was  in  all  probability  present 


The  order  IMhyopterygia  includes  only  the  gigantic  and 
fish-like  Ichthyosauri  (fig.  319),  all  exclusively  Mesozoic,  and 
abounding  in  the  Lias,  Oolites,  and  Chalk,  but  especially  char- 


tif.  ym.  —Two  venebra  or  Etia%pit  A- 


acteristic  of  the  Lias.  There  is  no  doubt  whatever  but  that  the 
Ichthyosauri  were  essentially  marine  animals,  and  they  have 
been  often  included  with  the  next  order  (Sauropterygia)  in  a 
common  group,  under  the  name  oi  Enaiiosauria  or  Sea-lizard* 
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In  1 86 1  Professor  Marsh  discovered  in  the  Coal-measures 
of  Nova  Scotia  two  large  amphicoelous  vertebras,  which  he 
described  under  the  name  of  Eosaurus  Acadiensis.  These 
vertebrae  (fig.  320)  are  of  very  large  size  (about  two  and  a  half 
inches  in  diameter),  and  they  are  deeply  excavated  at  both 
ends.  They  are  regarded  by  Professor  Marsh  as  indicating 
the  existence  in  the  later  Carboniferous  period  of  a  gigantic 
reptile  allied  to  Ichthyosaurus,  By  Huxley,  however,  it  is 
believed  that  these  remains  may  truly  belong  to  some  large 
Labyrinthodont. 

In  the  biconcave  vertebrae  and  probable  presence  of  a  ver- 
tical tail-fin,  the  Ichthyosaurus  approaches  the  true  Fishes. 
There  is,  however,  no  doubt  as  to  the  fact  that  the  animal 
was  strictly  an  air-breather,  and  its  reptilian  characters  cannot 
be  questioned,  at  the  same  time  that  the  conformation  of  the 
limbs  is  decidedly  Cetacean  in  many  respects.  Much  has 
been  gathered  from  various  sources  as  to  the  habits  of  the 
Ichthyosaurus,  and  its  history  is  one  of  great  interest  From 
the  researches  of  Buckland,  Conybeare,  and  Owen,  the  fol- 
lowing facts  appear  to  be  pretty  well  established : — That  the 
Ichthyosauri  kept  chiefly  to  open  waters  may  be  inferred  from 
their  strong  and  well-developed  swimming-apparatus.  That 
they  occasionally  had  recourse  to  the  shore,  and  crawled  upon 
the  beach,  may  be  safely  inferred  from  the  presence  of  a  strong 
and  well-developed  bony  arch,  supporting  the  fore-limbs,  and 
closely  resembling  in  structure  the  scapular  arch  of  the  Omi- 
thorhynchus  or  Duck-mole  of  Australia.  That  they  lived  in 
stormy  seas,  or  were  in  the  habit  of  diving  to  considerable 
depths,  is  shown  by  the  presence  of  a  ring  of  bony  plates  in 
the  sclerotic,  protecting  the  eye  from  injury  or  pressure.  That 
they  possessed  extraordinary  powers  of  vision,  especially  in 
the  dusk,  is  certain  from  the  size  of  the  pupil,  and  from  the 
enormous  width  of  the  orbits.  That  they  were  carnivorous 
and  predatory  in  the  highest  degree  is  shown  by  the  wide 
mouth,  the  long  jaws,  and  the  numerous,  powerful,  and  pointed 
teeth.  This  is  proved,  also,  by  an  examination  of  their  petri- 
fied droppings,  which  are  known  to  geologists  as  "  coprolites," 
and  which  contain  numerous  fragments  of  the  scales  and  bones 
of  the  Ganoid  fishes  which  inhabited  the  same  seas. 

Order  VI.  Sauroptervgia,  Owen  ( =  Piesiosauria,  Huxley). 
— ^This  order  of  extinct  reptiles,  of  which  the  well-known  Pie- 
siosaurus  may  be  taken  as  the  type,  is  characterised  by  the 
following  peculiarities : — 

The  body,  as  far  as  is  known,  was  naked,  and  not  furnished 
with  any  homy  or  bony  exoskeleton.    The  bodies  of  the  ver- 
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tebne  were  either  flat  or  only  slightlj'  cupped  at  each  end,  and 
the  neural  arches  were  anchytosed  with  the  centra,  and  did 
not  remain  distinct  during  life.  The  transverse  processes  of 
the  vertebne  were  long,  and  the  anterior  trunk-ribs  had  simple, 
not  bifurcate,  heads.  No  sternum  or  sternal  ribs  are  known 
to  have  existed,  but  there  were  false  abdominal  ribs.  The 
neck,  in  most,  was  greatly  elongated,  and  composed  of  numer- 
ous vertebrae.  The  sacrum  was  composed  of  two  vertebrse. 
The  orbits  were  of  large  size,  and  there  was  a  long  snout,  as 
in  the  Ichthyosauri,  but  there  was  no  circle  of  bony  plates  in 
the  sclerotic  The  limbs  agree  with  those  of  the  Ichthyosauri 
in  being  in  the  form  of  swimming-paddles  (fig.  321),  but  differ 
in  not  possessing  any  supernumerary  marginal  ossicles,  A 
pectoral  arch,  formed  of  two  clavicles  and  an  iriterclavicle 
(epistemum),  appears  to  have  been  sometimes,  if  not  always, 
present.  The  teeth  were  simple,  and  were  inserted  into  dis- 
tinct sockets,  and  not  lodged  in  a  common  groove. 


The  most  familiar  and  typical  member  of  the  Saurapierygia 
is  the  Plesiosaurus  (fig.  321).  a  gigantic  marine  reptile,  chiefly 
characteristic  of  the  Lias  and  Oolites.  As  regards  the  habits 
of  the  Plesiosaurus,  Dr  Conybeare  arrives  at  the  following  con- 
clusions : — "  That  it  was  aquatic  is  evident  from  the  form  of 
its  paddles ;  that  it  was  marine  is  almost  equally  so  from  the 
remains  with  which  it  is  universally  associated ;  that  it  may 
have  occasionally  visited  the  shore,  the  resemblance  of  its  ex- 
tremities to  those  of  the  Turtles  may  lead  us  to  conjecture  ; 
its  movements,  however,  must  have  been  very  awkward  on 
land  ;  and  its  long  nedc   must  have  impeded  its  progress 
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through  the  water,  presenting  a  striking  contrast  to  the  organi- 
sation which  so  admirably  fits  the  Idiihyosaurus  to  cut  through 
the  waves."  As  its  respiratory  organs  were  such  that  it  must 
of  necessity  have  required  to  obtain  air  frequently,  we  may 
conclude  "that  it  swam  upon  or  near  the  surface,  arching 
back  its  long  neck  like  a  swan,  and  occasionally  darting  it 
down  at  the  fish  which  happened  to  (Joat  within  its  reach.  It 
may  perhaps  have  lurked  in  shoal  water  along  the  coast,  con- 
cealed amongst  the  sea-weed ;  and  raising  its  nostrils  to  a 
level  with  the  surface  from  a  considerable  depth,  may  have 
found  a  secure  retreat  from  the  assaults  of  powerful  enemies  ; 
while  the  length  and  flexibility  of  its  neck  may  have  com- 
pensated for  the  want  of  strength  in  its  jaws,  and  its  incapacity 
for  swift  motion  through  the  water." 

The  geological  range  of  the  Plesiosaurus  is  from  the  Lias  to 
the  Chalk  inclusive,  and  specimens  have  been  found  indicat- 
ing a  length  of  from  eighteen  to  twenty  feet. 

About  twenty  species  of  Plesiosaurus  have  been  described 
in  all.  Of  the  remaining  genera  of  the  Sauropterygia,  Notho- 
saurus,  Simesaurus,  Placodvs,  Pistosaurus,  and  Conchiosaurui 
are  Triassic,  In  Nothosaurus  the  neck  is  long,  composed  of 
at  least  twenty  vertebrse.  The  dorsal  vertebrae  are  biconcave, 
and  the  limbs  are  converted  into  swimming-paddles.  The 
teeth  are  numerous  and  conical,  and  are  implanted  into  dis- 
tinct sockets.  Several  species  are  known,  all  Triassic,  and 
especially  characteristic  of  the  Muschelkalk.  Simosaurus  had 
a  large  head  with  enormous  orbits,  and  teeth  sunk  into  dis- 
tinct sockets.  This  genus  is  exclusively  confined  to  the  Mus- 
chelkalk. In  Placodus  (fig.  322),  the  teeth  are  in  distinct 
sockets,  and  resemble  those  of 
many  fishes  in  being  round- 
ed and  obtuse,  forming  broad 
crushing  plates  adapted  for  the 
comminution  of  shell-fish.  The 
upper  jaw  contains  a  double 
series  of  these  teeth,  an  outer 
or  maxillary  series,  and  an  in- 
ternal or  palatal  series  ;  but 
the  under  jaw  has  only  a  sin- 
gle row  of  teeth. 

Lastly,  In  Pliosaurus  we 
have  a  huge  reptile,  allied  to 
the  Plaiosaurus  in  its  fin-like 
paddles,  but  having  an  enormous  head  supported  upon  a  short 
neck.     The  teeth  are  simple  and  conical,  and  in  large  speci- 
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mens  attein  a  great  size.     Pliosaurus  is  confined  to  the  Middle 
and  Upper  Oolites. 

Order  VII.  Anomodontia, — The  members  of  this  order 
are  especially  character! setl  by  the  structure  of  the  mouth,  the 
jaws  being  converted  into  a  kind  of  beak,  which  was  pro- 
bably sheathed  in  horn,  and  resembled  the  jaws  of  a  Turtle. 
Sometimes  the  mouth  appears  to  have  been  wholly  destitute 
of  teeth,  but  in  other  cases  there  was  a  single  pair  of  teeth 
implanted  in  the  upper  jaw,  growing  from  persistent  pulps, 
and  assuming  the  character  of  great  tusks.  The  dorsal  verte- 
brae are  biconcave,  and  the  anterior  trunk-ribs  have  bifurcate 
heads.  The  sacrum  is  large,  composed  of  several  vertebne. 
The  animal  seems  to  have  been  organised  for  terrestrial  pro- 
gression, the  pectoral  and  pelvic  arches  being  strong,  and  the 
limbs  well  developed. 

By  Owen  the  genera  DUynodon,  Ottdenodon,  and  Rkyncko- 
saurus  are  included  in  this  order;  but  the  last  of  these  is 
regarded  by  Huxley  as  a  Lacertilian.     In  Dicynodon  (fig.  323, 


[Dgllic  mamillary  luik.    B,  Skull 
ufliATnca.    (After  Owen.) 


A),  the  anterior  portions  of  the  jaws  appear  to  have  been  al- 
together toothless ;  and  they  form  a  kind  of  beak,  which  was 
probably  sheathed  in  horn.     The  lower  jaw  has  no  teeth ;  but 
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each  superior  maxilla  carries  an  enormous  tusk-like  tooth 
growing  from  a  persistent  pulp.  In  Oudenodon^  on  the  other 
hand,  the  .mouth  is  beak-shaped  (fig.  323,  B),  and  seems  to 
have  possessed  no  teeth  of  any  kind.  DUynodon  and  Ouderuh 
don  are  known  only  from  strata  of  supposed  Triassic  age  in 
India  and  South  Africa.  Rhynchosaunis  also,  if  truly  refer- 
able here,  is  Triassic,  occurring  in  Europe. 

Order  VIII.  Pterosauria. — ^This  order  includes  a  group 
of  extraordinary  flying  Reptiles,  all  belonging  to  the  Mesozoic 
epoch,  and  exhibiting  in  many  respects  a  very  extraordinary 
combination  of  characters.  The  most  familiar  members  of 
the  order  are  the  so-called  "  Pterodactyles,"  and  the  following 
are  the  characters  of  the  order : — 

No  exoskeleton  is  known  to  have  existed.  The  dorsal 
vertebrae  are  procoelous,  and  the  anterior  trunk-ribs  are  double- 
headed.  There  is  a  broad  sternum  with  a  median  ridge  or 
keel,  and  ossified  sternal  ribs.  The  jaws  are  always  armed 
with  teeth,  and  these  were  implanted  in  distinct  sockets.  In 
some  forms  {Ramphorhynchus)  there  appear  to  have  been  no 
teeth  in  the  anterior  portion  of  the  jaws,  and  these  parts  seem 
to  have  been  sheathed  in  horn,  so  as  to  constitute  a  kind  of 
beak.  A  ring  of  bony  plates  occurs  in  the  sclerotic  coat  of 
the  eye.  The  pectoral  arch  consists  of  a  scapula  and  distinct 
coracoid  bone,  articulating  with  the  sternum  as  in  Birds,  but 
no  clavicles  have  hitherto  been  discovered.  The  fore-limb 
(fig.  324)  consists  of  a  humerus,  ulna  and  radius,  carpus,  and 
hand  of  four  fingers,  of  which  the  inner  three  are  short  and 
unguiculate,  whilst  the  outermost  is  clawless  and  is  enormous- 
ly elongated.  Between  this  immensely-lengthened  finger,  the 
side  of  the  body,  and  the  comparatively  small  hind-limb,  there 
must  have  been  supported  an  expanded  flying-membrane  or 
**  patagium,"  which  the  animal  must  have  been  able  to  employ 
as  a  wing,  much  as  the  Bats  of -the  present  day.  Lastly,  most 
of  the  bones  were  "  pneumatic  *' — that  is  to  say,  were  hollow 
and  filled  with  air. 

By  the  presence  of  teeth  in  distinct  sockets,  and,  as  will  be 
seen  hereafter,  especially  in  the  structure  of  the  limbs,  the 
Pterodactyles  differed  from  all  known  Birds,  and  there  can 
be  little  question  as  to  their  being  genuine  Reptiles.  The  only 
Reptile,  however,  now  existing,  which  possesses  any  power  of 
sustaining  itself  in  the  air,  is  the  little  Draco  volans^  but  this 
can  only  take  extended  leaps  from  tree  to  tree,  and  cannot  be 
said  to  have  any  power  of  flight  properly  so  called.  That 
the  Pterodactyles,  on  the  other  hand,  possessed  the  power  of 
genuine  flight,  is  shown  by  the  presence  of  a  median  keel  upon 
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die  stemutnt  proving  the  existence  of  unusnally-developed 
pectoral  muscles ;  by  the  articulation  of  the  coracoid  bones 
with  the  top  of  the  sternum,  providing  a  fixed  point  or  iiilcrum 
for  the  action  of  the  pectoral  muscles ;  and,  lastly,  by  the  exist- 
ence of  air-cavities  in  the  bones,  giving  the  animal  the  neces- 
saiy  degree  of  lightness.  The  apparatus,  however,  of  flight  was 
not  a  "  wing,"  as  in  Birds,  but  a  flying-membrane,  very  similar 
in  its  mode  of  action  to  the  patagium  of  the  Mammalian  order 
of  the  Bats.  The  patagium  of  the  Bats,  however,  differs  from 
that  of  the  Pterodactyles  in  being  supported  by  the  greatly- 
elongated  fingers,  whereas  in  the  latter  it  is  only  the  outermost 
finger  which  is  thus  lengthened  out 
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The  difficulty  as  to  the  position  of  the  Pterosauria  is  evaded 
by  Mr  Seeley  by  placing  them  in  a  distinct  class,  which  he 
terms  Omithosauria,  and  which  he  regards  as  most  nearly 
related  to,  but  coequal  with,  the  class  Aves. 

The  Plerasauria  are  exclusively  Mesozoic,  being  found  from 
the  Lower  Lias  to  the  Middle  Chalk  inclusive,  the  Lithographic 
Slate  of  Solenhofen  (Upper  Oolite)  being  particularly  rich  in 
their  remains.  Most  of  them  appear  to  have  attained  no  very 
great  size,  but  the  remains  of  a  species  from  the  Cretaceous 
Rocks  have  been  considered  to  indicate  an  animal  with  more 
than  twenty  feet  expanse  of  wing,  counting  from  tip  to  tip. 

In  the  genus  Pterodactylus  proper,  the  jaws  are  provided 
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with  teeth  to  their  extremities,  all  the  teeth  being  long  and 
slender. 

In  Dimorphodon^  the  anterior  teeth  are  large  and  pointed, 
the  posterior  teeth  small  and  lancet-shaped. 

In  RamphorhynchuSy  the  anterior  portion  of  both  jaws  is 
edentulous,  and  may  have  formed  a  homy  beak,  but  teeth  are 
present  in  the  hinder  portion  of  the  jaws. 

Order  IX.  Deinosauria. — The  last  order  of  the  Reptiles 
is  that  of  the  Deinosauria^  comprising  a  group  of  very  remark- 
able extinct  forms,  which  are  in  some  respects  intermediate  in 
their  characters  between  the  Cursorial  birds  and  the  typical 
Reptiles ;  whilst  they  have  been  supposed  to  have  affinities 
to  the  Pachydermatous  Mammals.  Most  of  the  Deinosauria 
were  of  gigantic  size,  and  the  order  is  defined  by  the  following 
characters : — 

The  skin  was  sometimes  naked,  sometimes  furnished  with  a 
well-developed  exoskeleton,  consisting  of  bony  shields,  much 
resembling  those  of  the  Crocodiles.  A  few  of  tiie  anterior  ver- 
tebrae were  opisthocoelous,  the  remainder  having  flat  or  slightly 
biconcave  bodies.  The  anterior  trunk-ribs  were  double-headed. 
The  teeth  were  confined  to  the  jaws  and  implanted  in  distinct 
sockets.  There  were  always  two  pairs  of  limbs,  and  these 
were  strong,  furnished  with  claws,  and  adapted  for  terrestrial 
progression.  In  some  cases  the  fore-limbs  were  very  small  in 
proportion  to  the  size  of  the  hind-limbs.  No  clavicles  have 
been  discovered. 

The  teeth  are  sometimes  implanted  in  distinct  sockets,  and 
they  are  never  anchylosed  with  the  jaws.  The  ischium  and 
pubes  are  much  elongated ;  the  inner  wall  of  the  acetabulum 
is  formed  by  membrane ;  the  tibia  has  its  proximal  end  pro- 
longed anteriorly  into  a  strong  crest;  and  the  astragalus  is 
bird-like  (Huxley). 

The  most  remarkable  points  in  the  organisation  of  the 
Deinosauria  are  connected  with  the  structure  of  the  pelvis  and 
hind-limb,  the  characters  of  which,  as  pointed  out  by  Huxley, 
approximate  to  those  of  the  same  parts  in  the  Birds,  and 
especially  in  the  Struthious  Birds.  This  approximation  is 
especially  seen  in  the  prolongation  of  the  ilium  in  front  of  the 
acetabulum  (fig.  325),  the  elongation  and  slendemess  of  form 
of  the  ischium,  and  the  slendemess  of  the  pubes.  The  astra- 
galus is  like  that  of  a  bird,  and  in  some  cases  appears  to  have 
become  anchylosed  with  the  distal  end  of  the  tibia.  The 
metatarsal  bones,  however,  remain  distinct,  and  are  not  an- 
chylosed with  any  of  the  tarsal  bones  to  form  a  "  tarso-meta- 
tarsus/' 
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The  Deinosauria  are  exclusively  Mesozoic,  ranging  from  the 
Triassic  to  the  Cretaceous  formation,  but  abounding  especially 
in  the  Oolitic  and  the 
earlier  portion  of  the  Cre- 
taceous period.  By  Pro- 
fessor Huxley  the  "The- 
codont" Reptiles  are  re- 
garded as  belonging  here, 
as  has  been  already  re- 
marked. The  same  high 
authority  has  also  pro- 
posed the  establishment 
of  a  new  order  termed 
Ornithoscelida  to  include 
the  ordinary  Deinosaurian 
Reptiles  along  with  the 
singular  Compsognathus. 

A  large  number  of  gen- 
eric types  are  included  in 
the  Deinosauria,  of  which 
Iguanodofiy  Megalosaurus, 
Cetiosaurus,  and  Compsog- 
nathus  may  be  especially 
ipentioned.  Other  less 
important  forms  are  Poi- 
kilopleurotiy  Lceiaps,  Euske- 
ksauruSy  HylcBOsaurtis^Hy- 
psiiophodoriy  and  Hadro- 
saurus. 

The  Iguanodon  is  main- 
ly, if  not  exclusively.  Cre- 
taceous, being  especially 
characteristic  of  the  great  delta-deposit  of  the  Wealden.  The 
length  of  the  Iguanodon  has  been  estimated  as  being  probably 
from  fifty  to  sixty  feet,  and  from  the  close  resemblance  of  its 
teeth  to  those  of  the  living  Iguanas,  there  is  little  doubt  that 
it  was  herbivorous  and  not  carnivorous.  The  femur  of  a  large 
Iguanodon  measures  from  four  to  five  feet  in  length,  with  a  cir- 
cumference of  twenty-two  inches  in  its  smallest  part.  From 
the  disproportionately  small  size  of  the  fore-limbs,  and  from  the 
occurence  oi pairs  of  gigantic  three-toed  footsteps  in  the  same 
beds,  it  has  been  concluded,  with  much  probability,  that  Igu- 
anodony  in  spite  of  its  enormous  bulk,  must  have  walked  tem- 
porarily or  permanently  upon  its  hind-legs,  thus  coming  to  pre- 
sent a  most  marked  and  striking  affinity  to  the  Birds. 


Fig.   yii.—Leg  of  Deinasaur.    il  Ilium ;  is 
Ischium ; /  Femur ;  /  Tibia ;  *  Fibula  ;  «u  Astra- 

eJus  ;  ca  Calcaneum ;  m  Metatarsus.    (After 
uxley.) 
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The  teeth  of  Iguanodon  (fig.  316)  present  a  singularly  close 
resemblance  in  shape  to  those  of  the  comparatively  pigray 
Iguanas  of  the  present  day.  Their  crown  is  obtusely  sub^tri- 
angular,  with  longitudinal  ridges,  and  having  the  surface  of  the 


enamel  crenated  on  one  or  both  sides.  They  present  the  ex- 
traordinary feature  that  the  crown  became  worn  down  flat  by 
mastication,  showing  that  Jguanodon  employed  the  teeth  in  the 
actual  trituration  of  the  vegetable  matter  on  which  it  fed. 

The  gigantic  Cetiosaurus  of  the  Oolitic  and  Cretaceous 
Rocks  was  originally  placed  amongst  the  Crocodilia;  but  the 
researches  of  Professor  Phillips  have  shown  that  it  belongs 
really  to  the  Deinosauria.  Having  obtained  a  magnificent 
series  of  remains  of  this  reptile,  Professor  Phillips  has  been 
able  to  determine  many  very  interesting  points  as  to  the 
anatomy  and  habits  of  this  colossal  animal,  the  total  length 
of  which  he  estimates  as  being  probably  not  less  than  sixty 
or  seventy  feet.  As  to  its  mode  of  life,  this  accomplished 
writer  remarks ; — 

"  Probably  when  '  standing  at  ease '  not  less  than  ten  feet  in 
height,  and  of  a  bulk  in  proportion,  this  creature  was  un- 
matched in  magnitude  and  physical  strength  by  any  of  the 
largest  inhabitants  of  the  Mesozoic  land  or  sea.  Did  it  live  in 
the  sea,  in  fresh  waters,  or  on  the  land  ?  This  question  can- 
not be  answered,  as  in  the  case  of  Ichthyosaurus,  by  appeal  to 
the  accompanying  organic  remains ;  for  some  of  the  bones  lie 
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in  marine  deposits,  others  in  situations  marked  by  estuarine 
conditions,  and,  out  of  the  Oxfordshire  district,  in  Sussex,  in 
fluviatile  accumulations.    Was  it  fitted  to  live  exclusively  in 
water  ?    Such  an  idea  was  at  one  time  entertained,  in  conse- 
quence of  the  biconcave  character  of  the  caudal  vertebrae,  and 
it  is  often  suggested  by  the  mere  magnitude  of  the  creature, 
which  would  seem  to  have  an  easier  life  while  floating  in  water, 
than  when  painfully  lifting  its  huge  bulk,  and  moving  with  slow 
steps  along  the  ground.     But  neither  of  these  arguments  is 
valid.     The  ancient  earth  was  trodden  by  larger  quadnipeds 
than  our  elephant ;  and  the  biconcave  character  of  vertebrae, 
which  is  not  uniform  along  the  column  in  CetiOsaurus,  is  perhaps 
as  much  a  character  of  a  geological  period  as  of  a  mechanical 
function  of  life.     Good  evidence  of  continual  life  in  water  is 
yielded  in  the  case  of  Ichthyosaurus,  and  other  Enaliosaurs, 
by  the  articulating  surfaces  of  their  limb-bones,  for  these,  all  of 
them,  to  the  last  phalanx,  have  that  slight  and  indefinite  adjust- 
ment of  the  bones,  with  much  intervening  cartilage,  which  fits 
the  leg  to  be  both  a  flexible  and  forcible  instniment  of  nata- 
tion, much  superior  to  the  ordinary  oar-blade  of  the  boatman. 
On  the  contrary,  in  Cetiosaur,  as  well  as  in  Megalosaur  and 
Iguanodon,  all  the  articulations  are  definite,  and  made  so  as 
to  correspond  to  determinate  movements  in  particular  direc- 
tions, and  these  are  such  as  to  be  suited  for  walking.     In  par- 
ticular, the  femur,  by  its  head  projecting  freely  from  the  ace- 
tabulum, seems  to  claim  a  movement  of  free  stepping  more 
parallel  to  the  line  of  the  body,  and  more  approaching  to  the 
vertical  than  the  sprawling  gait  of  the  crocodile.     The  large 
claws  concur  in  this  indication  of  terrestrial  habits.     But,  on 
the  other  hand,  these  characters  are  not  contrary  to  the  belief 
that  the  animal  may  have  been  amphibious ;  and  the  great 
vertical  height  of  the  anterior  part  of  the  tail  seems  to  support 
this  explanation,  but  it  does  not  go  further.      For  the  later 
caudal  vertebrae,  instead  of  being  much  compressed,  as  in 
Teleosaurus,  are  nearly  circular  in  the  cross  section,  and  are 
interlocked  by  posterior  zygapophyses,  extended  over  half  or 
the  whole  length  of  a  vertebrae.    We  have  therefore  a  marsh- 
loving  or  river-side  animal,  dwelling  amidst  filicine,  cycadace- 
ous,  and  coniferous  shrubs  and  trees  full  of  insects  and  small 
mammalia.     What  was  its  usual  diet?     If  ex  ungue  leonem^ 
surely  ex  dente  cibum.    We  have  indeed  but  one  toodi,  and  that 
small  and  incomplete.     It  resembles  more  the  tooth  of  Iguan- 
odon than  that  of  any  other  reptile ;  for  this  reason  it  seems 
probable  that  the  animal  was  nourished  by  similar  vegetable 
food  which  abounded  in  the  vicinity,  and  was  not  obliged  to 
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contend  with  Megalosaurus  for  a  scanty  supply  of  more  stimu- 
lating diet." 

Megalosaurus  is  a  gigantic  Oolitic  Reptile,  which  occurs  also 
in  the  Cretaceous  series  (Weald  Clay).  Its  length  has  been 
estimated  at  between  forty  and  fifty  feet,  the  femur  and  tibia 
each  measuring  about  three  feet  in  length.  As  the  head  of 
the  femur  is  set  on  nearly  at  right  angles  with  the  shaft,  whilst 
all  the  long  bones  contain  large  medullary  cavities,  there  can 
be  no  doubt  but  that  Megalosaurus  was  terrestrial  in  its 
habits.  That  it  was  carnivorous  and  destructive  in  the  highest 
degree  is  shown  by  the  powerful,  pointed,  and  trenchant  teeth. 

The  teeth  in  Megalosaurus  are  conical,  compressed,  with 
finely-serrated  edges.      The    fore-limbs  are    extraordinarily 


Fig.  327. — Cranium  oi Megalosaurus,  restored.    (After  Professor  Phillips.) 

smaller  than  the  hind-limbs.  The  teeth  do  not  become  worn 
by  mastication ;  and  there  appears  to  have  been  no  exoskeleton. 
One  of  the  most  remarkable  of  the  Deinosauria  is  the  little 
Compsognathus  longipes  of  the  Lithographic  Slate  of  Solenhofen, 
regarded  by  Professor  Huxley  as  the  t)q>e  of  a  special  group 
{Compsognatha)  of  his  order  Ornithoscelida,  The  special 
characters  distinguishing  this  group  are,  that  the  cervical  region 
of  the  spine  is  long,  and  the  femur  is  shorter  than  the  tibia ; 
whereas  in  the  typical  Deinosauria  the  neck  is  relatively  short, 
and  the  femur  is  as  long  as,  or  longer  than,  the  tibia.  Comp- 
sognathus is  not  remarkable  for  its  size,  which  does  not  seem 
to  have  been  much  more  than  two  feet,  but  for  the  striking 
affinities  which  it  exhibits  to  the  true  Birds.  The  head  of 
Compsognathus  was  furnished  with  toothed  jaws,  and  supported 
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upon  a  long  and  slender  neck.  The  fore-limbs  were  very  short, 
but  the  hind-limbs  were  long  and  like  those  of  Birds.  The 
proximal  portion  of  the  tarsus  resembled  that  of  Birds  in  being 
anchylosed  to  the  lower  end  of  the  tibia ;  but  the  distal  portion 
of  the  tarsus — unlike  that  of  Birds — was  irtt,  and  was  not  an- 
chylosed with  the  metatarsus.  Huxley  concludes  that  "  it  is 
impossible  to  look  at  the  conformation  of  this  strange  Reptile, 
and  to  doubt  that  it  hopped  or  walked  in  an  erect  or  semi- 
erect  position,  after  the  manner  of  a  bird,  to  which  its  long 
neck,  slight  head,  and  small  anterior  limbs  must  have  given  it 
an  extraordinary  resemblance." 


CHAPTER   XXXIV. 

BIRDS, 

The  fourth  class  of  the  Vertebrata  is  that  of  Aves^  or  Birds. 
The  Birds  may  be  shortly  defined  as  being  "oviparous 
Vertebrates  with  warm  blood,  a  double  circulation,  and  a 
covering  of  feathers  "  (Owen).  More  minutely,  however,  the 
Birds  are  defined  by  the  possession  of  the  following  char- 
acters : — 

The  skuii  articulates  with  the  vertebral  column  by  a  single  oc- 
cipital condyle.  Each  half  or  ramus  of  the  lower  jaw  consists  of 
a  number  of  pieces,  which  are  separate  from  one  anotlier  in  the 
embryo :  and  the  jaw  is  united  with  the  skull,  not  directly,  but  by 
the  intervention  of  a  quadrate  bone  (as  in  the  Reptiles).  The  fore- 
limb  in  no  existing  birds  possesses  more  than  three  fingers  or 
digits,  and  the  metacarpal  bones  are  anchylosed  together.  In  all 
living  Birds  the  fore-limbs  are  useless  as  regards  prehension,  and 
in  most  they  are  organs  of  flight.  The  hind-limbs  in  all  Birds 
have  the  ankle-joint  placed  in  the  middle  of  the  tarsus,  the  proxi- 
mal portion  of  the  tarsus  coalescing  with  the  tibia,  and  the  distal 
portion  of  the  tarsus  being  anchylosed  with  the  metatarsus  to  con- 
stitute a  single  bone  known  as  the  "  tarso-metatarsus^ 

The  heart  consists  of  four  chambers,  tivo  auricles  and  two  ven- 
tricles; and  not  only  are  tlie  right  and  left  sides  of  the  heart  com- 
pletely separated  from  one  another,  but  there  is  no  communication 
between  the  pulmonary  and  systemic  circulations,  as  there  is  in 
Reptiles, 

The  respiratory  organs  are  in  the  form  of  spongy  cellular  lungs, 
which  are  not  freely  suspended  in  pleural  sacs;  and  the  bronchi 
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Open  on  their  surface  into  a  number  of  air-sacs^  placed  in  different 
parts  of  the  body. 

All  birds  are  ^wiparous,  none  bringing  forth  their  young  altve, 
or  being  even  ovo-viviparous.  All  birds  are,  lastly,  provided 
with  an  epidermic  covering,  so  modified  as  to  constitute  what  are 
known  as  feathers. 

The  entire  skeleton  of  the  Birds  is  singularly  compacty^and  at 
the  same  time  singularly  light  The  compactness  is  due  to  the 
presence  of  an  unusual  amount  of  phosphate  of  lime ;  and  the 
lightness,  to  the  absenceTTii  many  of  tKe  bones  ot  the  ordinary 
marrow,  and  its  replacement  by  air. 

As  regards  the  vertebral  column.  Birds  exhibit  some  very  in- 
teresting peculiarities.  The  cervical  region  of  the  spine  is 
unusually  long  and  flexible,  since  the  fore-Hmbs  are  useless  as 
organs  of  prehension — ^and  all  acts  of  grasping  must  be  exer- 
cised either  by  the  beak  or  by  the  hind-feet,  or  by  both  acting  in 
conjunction.  The  number  of  vertebrae  in  the  neck  varies  from 
nine  to  twenty-four,  and  their  structure  is  always  such  as  to 
allow  of  considerable  freedom  of  m9tion  one  upon  the  other. 
The  dorsal  vertebrae  vary  from  six  to  ten  in  number,  and  of 
these  the  anterior  four  or  five  are  generally  anchylosed  with 
one  another,  so  as  to  give  a  base  of  resistance  to  the  wings. 
In  the  Cursorial'  Birds,  however  (such  as  the  Ostrich  and 
Emeu),  and  in  some  others  (such  as  the  Penguin),  in  which 
the  power  of  flight  is  wanting,  the  dorsal  vertebrae  are  all  more 
or  less  freely  movable  one  upon  another.  There  are  no  lumbar 
vertebrae,  but  all  the  vertebrae  between  the  last  dorsal  and 
the  first  caudal  (varying  from  nine  to  twenty)  are  anchylosed 
together  to  form  a  bone  which  is  ordinarily  known  as  the 
"  sacrum.'*  To  this,  in  turn,  the  iliac  bones  are  anchylosed 
along  its  whole  length,  giving  perfect  immobility  to  this  region 
of  the  spine  and  to  the  pelvis. 

The  coccygeal  or  caudal  vertebrae  vary  in  number  from 
eight  to  ten,  and  are  <  movable  upon  one  another.  The  most 
noticeable  feature  about  this  part  of  the  spinal  column  is  what 
is  known  as  the  "  ploughshare-bone."  This  is  the  last  joint  of 
the  tail,  and  is  a  long,  slender,  ploughshare-shaped  bone,  de- 
stitute of  lateral  processes,  and  without  any  medullary  canal 
(fig-  33 o>  B)-  III  reality  it  consists  of  two  or  more  of  the 
caudal  vertebrae,  completely  anchylosed,  and  fused  into  a 
single  mass.  It  is  usually  set  on  to  the  extremity  of  the  spine 
at  an  angle  more  or  less  nearly  perpendicular  to  the  axis  of  the 
body  \  and  it  affords  a  firm  basis  for  the  support  of  the  great 
quill-feathers  of  the  tail  ("  rectrices  ").  In  the  Cursorial  Birds, 
which  do  not  fly,  the  terminal  joint  of  the  tail  is  not  plough- 
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share-shaped.  In  the  extraordinary  Mesozoic  bird,  the  Archce- 
opteryx  macrura,  there  is  no  ploughshare-bone,  and  the  tail 
consists  of  twenty  separate  vertebne,  all  distinct  from  one 
another,  and  each  carrying  a  pair  of  quill -feathers,  one  on 
each  side.  As  the  vertebrae  of  the  ploughshare-bone  are 
distinct  from  one  another  in  the  embryos  of  existing  birds,  the 
tail  of  the  Archaopteryx  is  to  be  regarded  as  a  case  of  the  per- 
manent retention  in  the  adult  of  an  embryonic  character.  In 
the  increased  number  of  caudal  vertebra,  however,  and  in  some 
other  characters,  the  tail  of  the  Archttopteryx  makes  a  decided 
approach  to  the  true  Reptiles. 

The  various  bones  which  compose  the  skull  of  Birds  are 
amalgamated  in  the  adult  so  as  to  form  a  single  piece,  and  the 
sutures  even  are  obliterated,  the  lower  jaw  alone  remaining 
movable.  The  occipital  bone  carries  a  single  occipital  condyle 
only,  and  this  is  hemispherical  or  nearly  globular  in  shape.  The 
"beak"  (fig.  328),  which  forms  such  a  conspicuous  feature  in  all 
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birds,  consists  of  an  upper  and  lower  half,  or  a  "  superior "  and 
"  inferior  mandible."  The  upper  mandible  is  composed  almost 
entirely  of  the  greatly-elongated  intermaxillary  bones,  flanked 
by  the  comparatively  small  superior  maxilla.  The  inferior 
mandible  is  primitively  composed  of  twelve  pieces,  six  on  each 
side  ;  but  in  the  adult  these  are  all  indistinguishably  amal- 
gamated with  one  another,  and  the  lower  jaw  forms  a  single 
piece.  As  in  the  Reptiles,  the  lower  jaw  articulates  with  the 
skull,  not  directly,  but  through  the  intervention  of  a  distinct 
bone — the  quadrate  bone  or  tympanic  bone — which  always  re- 
mains permanently  movable,  and  is  never  anchylosed  with  the 
skull.  In  no  bird  are  teeth  ever  developed  in  either  jaw,  but  ' 
both  mandibles  are  encased  in  horn,  forming  the  beak,  and 
the  margins  of  the  bill  are  sometimes  serrated. 

The  thoracic  cavity  is  bounded  by  the  dorsal  vertebrae,  which 
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are  usually,  as  before  said,  anchylosed  with  one  another  to  a 
greater  or  less  extent  Laterally,  the  thorax  is  bounded  by 
the  ribs,  which  vary  in  number  from  six  to  ten  pairs.  In  most 
birds  each  rib  carries  a  peculiar  process — the  "  uncinate  pro- 
cess " — which  arises  from  its  posterior  margin,  is  directed  up- 
wards and  backwards,  and  passes  over  the  rib  next  in  succes- 
sion behind,  where  it  is  bound  down  by  ligament.  The  first 
and  last  dorsal  ribs  carry  no  uncinate  processes,  and  in  some 
cases  the  processes  continue  throughout  life  as  separate  pieces 
(fig.  329,  B).    Anteriorly,  the  ribs  articulate  with  a  series  of 
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Straight  bones,  which  are  called  the  "  stema!  ribs,"  but  which 
in  reality  are  to  be  looked  upon  as  the  ossified  "  costal  carti- 
lages." These  sternal  ribs  (fig.  319,  B)  are  in  turn  movably 
articulated  to  the  sternum  in  front,  and  "  they  are  the  centres 
upon  which  the  respiratory  movements  hinge "  (Owen).  In 
front  the  thoracic  cavity  is  completed  by  an  enormously-ex- 
panded sternum  or  breast-bone,  which  in  some  birds  of  great 
powers  of  flight  extends  over  the  abdominal  cavity  as  well,  in 
some  cases  even  reaching  the  pelvis.  The  sternum  of  all 
birds  which  fly,  is  characterised  by  the  presence  of  a  greatly- 
developed  median  ridge  or  keel  (fig.  329,  A),  to  which  are 
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attached  the  great  pectoral  muscles,  which  move  the  wings. 
As  a  general  rule,  the  size  of  this  sternal  crest  allows  a  very 
tolerable  estimate  to  be  formed  of  the  flying  powers  of  the 
bird  to  which  it  may  have  belonged ;  and  in  the  Ostriches  and 
other  birds  which  do  not  fly,  there  is  no  sternal  keel.  At  its 
anterior  angles  the  sternum  exhibits  two  pits  for  the  attach- 
ment of  the  coracoid  bones. 

Th*e  scapular  or  pectoral  arch  consists  of  the  shoulder-blade 
or  scapula,  the  collar-bone  or  clavicle,  and  the  coracoid  bone, 
on  each  side.  The  scapula,  as  a  rule  (fig.  329,  A,  ^  j)  is  a 
simple  elongated  bone,  not  flattened  out  into  a  broad  plate, 
and  carrying  no  transverse  ridge,  or  spinous  process.  Only  a 
portion  of  the  glenoid  cavity  for  the  articulation  with  the  head 
of  the  humerus  is  formed  by  the  scapula,  the  remainder  being 
formed  by  the  coracoid.  The  coracoid  bones  (fig.  329,  A,  k  k) 
correspond  with  the  coracoid  processes  of  man,  but  in  birds 
they  are  distinct  bones,  and  are  not  anchylosed  with  the  scap- 
ula. The  coracoid  bone  on  each  side  is  always  the  strongest 
of  the  bones  forming  the  scapular  arch.  Superiorly  it  articu- 
lates with  the  clavicle  and  scapula,  and  forms  part  of  the  gle- 
noid cavity  for  the  humerus.  Inferiorly  each  coracoid  bone 
articulates  with  the  upper  angle  of  the  sternum.  The  position 
of  the  coracoids  is  more  or  less  nearly  vertical,  so  that  they 
form  fixed  points  for  the  action  of  the  wings  in  their  down- 
ward stroke.  The  clavicles  (fig.  329,  A,  c)  are  rarely  rudimen- 
tary or  absent,  and  are  in  some  few  cases  separate  bones.  In 
the  great  majority,  however,  of  birds,  the  clavicles  are  anchy- 
losed together  at  their  anterior  extremities,  so  as  to  form  a 
single  bone,  somewhat  V-shaped,  popularly  known  as  the 
"  merry-thought,"  and  technically  called  the  "  furculum."  The 
outer  extremities  of  the  furculum  articulate  with  the  scapula 
and  coracoid ;  and  the  anchylosed  angle  is  commonly  united 
by  ligament  to  the  top  of  the  sternum.  The  function  of  the 
clavicular  or  fiu'cular  arch  is  "to  oppose  the  forces  which  tend 
to  press  the  humeri  inwards  towards  the  mesial  plane,  during 
the  downward  stroke  of  the  wing  "  (Owen).  Consequently  the 
clavicles  are  stronger,  and  their  angle  of  union  is  more  open, 
in  proportion  to  the  powers  of  flight  possessed  by  each  bird. 

As  regards  the  structure  of  the  wing  proper,  the  humerus  is 
short  and  strong,  and  articulates  superiorly  with  an  articular 
cavity  formed  partly  by  the  coracoid  and  partly  by  the  scapula. 
The  fore-arm  is  composed  of  a  radius  and  ulna,  of  which  the 
former  is  the  smallest  and  most  slender.  The  carpus  is  reduced 
to  two  small  bones  wedged  in  between  the  distal  end  of  the 
fore-arm  and  the  metacarpus.     The  metacarpus  consists  of 
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two  bones  which  in  all  existing  birds  are  anchylosed  at  both 
ends,  but  which  are  free  in  the  remarkable  extinct  Archaop- 
teryx.  The  metacarpal,  which  corresponds  to  the  radius,  is  the 
larger  of  the  two,  and  it  carries  the  digit  which  has  the  greatest 
number  of  phalanges.  At  the  proximal  end  of  the  radial 
metacarpal  is  generally  attached  a  single  phalanx,  constituting 
the  so-called  "  thumb."  The  digit  which  is  attached  to  the 
ulnar  metacarpal  never  consists  of  more  than  a  single  phalanx. 

As  regards  the  structure  of  the  posterior  extremity  or  hind- 
limb,  the  pieces  which  compose  the  innominate  bones  (namely, 
the  ilium,  ischium,  and  pubes)  are  always  anchylosed  with  one 
another ;  and  the  two  innominate  bones  are  also  always  an- 
chylosed, by  the  medium  of  the  greatly-elongated  ilia,  with  the 
sacral  region  of  the  spine.  In  no  living  bird,  however,  with 
the  single  Exception  of  the  Ostrich,  are  the  innominate  bones 
united  in  the  middle  line  in  front  by  a  symphysis  pubis.  The 
stability  of  the  pelvic  arch,  necessary  in  animals  which  sup- 
port the  weight  of  the  body  on  the  hind-limbs  alone,  is  amply 
secured  in  all  ordinary  cases  by  the  anchylosis  of  the  ilia  with 
the  sacrum. 

As  in  the  higher  Vertebrates,  the  lower  limb  (fig.  330,  A) 
consists  of  a  femur,  a  tibia  and  fibula,  a  tarsus,  metatarsus, 
and  phalanges ;  but  some  of  these  parts  are  considerably  ob- 
scured by  anchylosis.  The  femur  or  thigh-bone  (fig.  330,  A,/) 
is  generally  very  short,  comparatively  speaking.  The  chief 
bone  of  the  leg  is  the  tibia  (/),  to  which  a  thin  and  tapering 
fibula  (r)  is  anchylosed.  The  upper  end  of  the  fibula,  how- 
ever, articulates  with  the  external  condyle  of  the  femur.  The 
ankle-joint  is  placed,  as  in  Reptiles,  between  the  proximal  and 
distal  portions  of  the  tarsus.  The  proximal  portion  of  the 
tarsus  is  undistinguishably  amalgamated  with  the  lower  end  of 
the  tibia.  The  distal  portion  of  the  tarsus  is  anchylosed  with 
the  whole  of  the  metatarsus  to  constitute  the  most  character- 
istic bone  in  the  leg  of  the  Bird — the  "  tarso-metatarsus  "  {m). 
In  most  of  the  long-legged  birds,  such  as  the  Waders,  the  dis- 
proportionate length  of  the  leg  is  given  by  an  extraordinary 
elongation  of  the  tarso-metatarsus. 

The  tarso-metatarsus  is  followed  inferiorly  by  the  digits  of 
the  foot  In  most  birds  the  foot  consists  of  three  toes  directed 
forwards  and  one  backwards — four  toes  in  all.  In  no  wild 
bird  are  there  more  than  four  toes,  but  often  there  are  only 
three,  and  in  the  Ostrich  the  number  is  reduced  to  two.  In 
all  birds  which  have  three  anterior  and  one  posterior  toe,  it  is 
the  posterior  thumb  or  hallux  (that  is  to  say,  the  innermost 
digit  of  the  hind-limb)  which  is  directed  backwards  \  and  it 
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invanably  consists  of  two  phalanges  only.  The  most  internal 
of  the  three  toes  which  are  directed  forwards,  consists  of  three 
phalanges ;  the  next  has  four  phalanges ;  and  the  outermost 
toe  is  made  up  of  ^ve  phalanges  (fig.  330,  A).  This  in- 
crease in  an  arithmetical  ratio  of  the  phalanges  of  the  toes, 
in  proceeding  from  the  inner  to  the  outer  side  of  the  foot, 
obtains  in  almost  all  birds,  and  enables  us  readily  to  detect 
which  digit  is  suppressed,  when  the  normal  four  are  not  all 
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present.  Variations  of  different  kinds  exist,  however,  in  the 
number  and  disposition  of  the  toes.  In  many  birds — such  as 
the  Parrots — the  outermost  toe  is  turned  backwards,  so  that 
there  are  two  toes  in  front  and  two  behind.  In  others,  again, 
the  outer  toe  is  normally  directed  forwards,  but  can  be  turned 
backwards  at  the  will  of  the  animal.  In  the  Swifts,  on  the 
other  hand,  all  four  toes  are  present,  but  they  are  all  turned 
forwards.     In  many  cases — especially  amongst  the  Natatorial 
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birds — ^the  hallux  is  wholly  wanting,  or  is  rudimentary.  In  the 
Emeu,  Cassowary,  Bustards,  and  other  genera,  the  hallux  is 
invariably  absent,  and  the  foot  is  three-toed.  In  the  Ostrich 
both  the  hallux  and  the  next  toe  ("  index  ")  are  wanting,  and 
the  foot  consists  simply  of  two  toes,  these  being  the  outer  toe 
and  the  one  next  to  it. 

As  regards  the  geological  distribution  of  Birds,  there  are 
'many  reasons  why  we  should  be  cautious  in  reasoning  upon 
merely  negative  evidence,  and  more  than  ordinarily  careful  not 
to  infer  the  non-existence  of  birds  during  any  particular  geolo- 
gical epoch,  simply  because  we  can  find  no  positive  evidence 
for  their  presence.  As  Sir  Charles  Lyell  has  well  remarked, 
"  the  powers  of  flight  possessed  by  most  birds  would  insure 
them  against  perishing  by  numerous  casualties  to  which  quad- 
rupeds are  exposed  during  floods ; "  and,  "  if  they  chance  to 
be  drowned,  or  to  die  when  shimming  on  water,  it  will  scarcely 
ever  happen  that  they  will  be  submerged  so  as  to  become  pre- 
served in  sedimentary  deposits,"  since,  from  the  lightness  of  the 
bones,  the  carcase  would  remain  long  afloat,  and  would  be 
liable  to  be  devoured  by  predaceous  animals.  As,  with  a  few 
utterly  trivial  exceptions,  all  the  deposits  in  which  fossils  are 
found  have  been  laid  down  in  water,  and  more  especially  as 
they  are  for  the  most  part  marine,  these  considerations  put  for- 
ward by  Sir  Charles  Lyell  afford  obvious  ground  against  the 
anticipation  that  the  remains  of  birds  should  be  either  of  fre- 
quent occurrence  or  of  a  perfect  character  in  any  of  the  fossil- 
iferous  rocks.  In  accordance  with  these  considerations,  as  a 
matter  of  fact,  most  of  the  known  remains  of  birds  are  either 
fragmentary,  or  belong  to  forms  which  were  organised  to  live  a 
terrestrial  life,  and  were  not  adapted  for  flight. 

The  earliest  remains  which  have  been  generally  referred  to 
birds  are  in  the  form  of  footprints  (fig.  331)  impressed  upon 
certain  sandstones  in  the  valley  of  the  Connecticut  River  in 
the  United  States.  These  sandstones  are  almost  certainly 
Triassic,  and  if  the  ornithic  character  of  these  footprints  be 
admitted,  then  Birds  date  their  existence  from  the  commence- 
ment of  the  Mesozoic  period,  and,  for  anything  we  know  to 
the  contrary,  may  have  existed  during  the  Palaeozoic  epoch. 

The  evidence  as  to  the  ornithic  character  of  the  footprints 
in  the  American  Trias  is  as  follows : — 

Firstly^  The  tracks  are,  beyond  all  question,  those  of  a  biped 
— that  is  to  say,  of  an  animal  which  walked  upon  two  legs. 
No  living  animals  walk  habitually  upon  two  legs  except  Man 
and  Birds,  and  therefore  there  is  a  primd  facie  presumption 
that  the  authors  of  these  prints  were  birds. 
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Seamdfy,  The  impressions  are  mostly  tridactylous — that  is  to 
say,  formed  by  an  animal  with  three  toes  on  each  foot,  as  is 
the  case  in  many  Waders  and  most  Cursorial  Birds. 


J^  331. — Footpimt  nippoi 


Thirdly,  The  impressions  of  the  toes  show  the  same  numeri- 
cal progression  in  die  number  of  phalanges  as  exists  in  living 
birds — that  is  to  say,  the  innennost  of  the  anterior  toes  has 
three  phalanges,  the  middle  one  has  four,  and  the  outermost 
toe  has  Ave  phalanges. 

Taking  this  evidence  collectively,  it  would  have  seemed,  till 
lately,  tolerably  certain  that  these  impressions  were  fonned  by 
Birds.  We  must  not,  however,  lose  sight  of  the  possibility 
that  these  impressions  may  have  been  formed  by  Reptiles 
more  bird-like  in  their  characters  than  any  of  the  living  forms 
with  which  we  are  acquainted.  The  recent  researches  of 
Huxley,  Cope,  and  others,  go  to  show  that  the  Deinosaurian 
Reptiles  possessed  the  power  of  walking,  temporarily  or  per- 
manently, on  the  hind-legs,  and  many  curious  affinities  to  the 
true  Birds  have  been  pointed  out  It  is  therefore  by  no  means 
impossible  that  these  footprints  of  the  Connecticut  valley  are 
truly  Reptilian," 

The  size  and  other  characters  of  the  above-mentioned  im- 
pressions vary  much,  and  they  have  certainly  been  produced 

•  Theoccorrenceofnmny^/^r^lxrfimpressionsin  these  same  .Sindstones, 
and  the  further  discovery  of  the  bones  of  Deinosaurian  Reptiles  in  Ihesome 
beds,  have  reodered  the  Reptilian  nature  of  Dmny  of  these  footprints  almost 
certain ;  but  some  may  possibly  have  been  formed  by  Birds. 
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by  several  different  animals.  In  the  largest  hitherto  discov- 
ered, each  footprint  is  twenty-two  inches  long,  and  twelve 
inches  wide,  showing  that  the  feet  were  four  times  as  large  as 
those  of  the  African  Ostrich.  The  animal,  therefore,  which 
produced  these  impressions — whether  Avian  or  Reptilian — 
must  have  been  of  gigantic  size. 

The  first  unmistakable  remains  of  a  bird  have  been  found 
in  the  Solenhofen  Slates  of  Bavaria,  of  the  age  of  the  Upper 
Oolites.  A  single  unique  specimen,  consisting  of  bones  and 
feathers,  but  unfortunately  without  the  skull,  is  all  that  has 
hitherto  been  discovered ;  and  it  has  been  named  the  Archa- 
opteryx  fnacrura.  The  characters  of  this  singular  and  aberrant 
bird,  which  alone  constitutes  the  order  Saurunz^  will  be  shortly 
given,  and  need  not  be  repeated  here. 

Other  doubtful  remains  of  birds  have  been  alleged  to  occur 
in  the  Mesozoic  series,  but  many  of  these  certainly  belong  in 
reality  to  Pterodactyles.  In  the  Cretaceous  Rocks,  however, 
of  the  United  States,  occur  the  bones  of  several  Wading  Birds 
(Laomis,  Telmatomis,  and  Palaotringa).  Recently,  Professor 
Marsh  has  described  some  additional  remains  of  Birds  from 
the  Cretaceous  Rocks.  Some  of  these  belong  to  a  new  genus, 
Graculavus^  allied  to  the  existing  Cormorants.  Others  belong 
to  a  gigantic  swimming  bird  of  remarkable  affinities,  but  hav- 
ing its  nearest  allies  in  the  living  Colymbida.  The  genus 
Hesperornis  and  family  Hesperomida  are  proposed  for  its  re- 
ception. 

In  the  Tertiary  Rocks  there  are,  comparatively  speaking, 
many  remains  of  birds.  In  the  Eocene  Rocks  of  France  has 
been  found  a  large  bird,  as  big  as  an  Ostrich,  the  so-called 
Gastomis  Parisimsis ;  and  in  England,  in  the  same  formation, 
we  have  a  small  Vulture  {Lithomis  vulturinus),  and  a  King- 
fisher {Hakyomis  toliapicus).  In  the  Eocene  of  Claris,  in  Swit- 
zerland, occurs  also  the  oldest  known  Insessorial  or  Passerine 
bird,  the  Protomis  Glarisiensis^  which  was  about  as  big  as  a  lark. 

Numerous  remains  of  birds  have  likewise  been  found  in  the 
Miocene  and  Pliocene  deposits.  Amongst  these  we  have  Par- 
rots, Trogons,  Secretary  Birds,  Petrels,  Cranes,  Guillemots, 
&C,  With  the  exception,  however,  of  the  Mesozoic  Archaop- 
teryx^  by  far  the  most  remarkable  remains  of  birds  have  been 
found  in  the  Post-tertiary  or  Pleistocene  deposits.  All  the 
remains  now  alluded  to  are  those  of  gigantic  wingless  birds ; 
and  it  is  worthy  of  notice  that  they  are  almost  exclusively 
found  in  regions  now  tenanted  by  smaller  wingless  birds, 
whilst  there  is  reason  to  believe  that  some  of  them  have  beeli 
in  existence  during  the  human  period.     Most  of  the  remains 
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in  question  have  been  found  in  New  Zealand,  where  there 
have  been  obtained  the  bones  of  several  species  of  large  wing- 
less birds,  referred  by  Owen  to  the  genera  Dinomis,  Palap- 
feryxy  and  Aptornis,  The  Dinomis  giganieus  must  have  been 
one  of  the  most  gigantic  of  the  whole  class  of  birds,  the  tibia 
measuring  upwards  of  a  yard  in  length,  and  the  skeleton  indi- 
cating, a  bird  which  stood  at  least  ten  feet  in  height.  In  an- 
other species,  the  Dinomis  eiephantopusy  the  "framework  of 
the  skeleton  is  the  most  massive  of  any  in  the  whole  class  of 
birds,'*  and  "  the  toe-bones  almost  rival  those  of  the  Elephant " 
(Owen).  The  feet  were  furnished  with  three  anterior  toes, 
and  are  of  interest  as  presenting  us  with  an  undoubted  bird 
big  enough  to  produce  the  largest  of  the  footprints  of  the 
Triassic  Sandstones  of  Connecticut.  There  is  reason  to  be- 
lieve, from  the  traditions  of  the  Maories,  that  the  Dinomis  was 
living  at  no  very  remote  period,  and  that  it  has  been  exter- 
minated by  man. 

In  Madagascar,  bones  have  been  discovered  of  a  bird  as 
large  as,  or  larger  than,  the  Dinornis  giganteuSy  which  has  been 
described  under  the  name  of  the  .jEpiamis  maximus.  With 
the  bones  have  been  found  eggs  measuring  from  thirteen  to 
fourteen  inches  in  diameter,  and  computed  to  be  as  big  as 
three  ostrich-eggs,  or  one  hundred  and  forty-eight  hens'  eggs. 
Unlike  New  Zealand,  where  there  is  the  Apteryx^  Madagascar 
itself  has  no  Hving  wingless  birds ;  but  in  the  neighbouring 
island  of  Mauritius  the  Dodo  has  been  exterminated  less  than 
three  hundred  years  ago ;  and  the  little  island  of  Rodriguez,  in 
the  same  geographical  province,  has  in  a  similar  period  lost 
the  wingless  Solitaire  {Fezophaps), 

In  the  following  are  given  the  characters  of  the  orders  of  the 
Birds,  with  the  range  of  each  in  time,  so  far  as  known : — 

Order  I.  Natatores. — The  order  of  the  Natatores,  or 
Swimmers,  comprises  a  number  of  birds  which  are  as  much  or 
even  more  at  home  in  the  water  than  upon  the  land.  In 
accordance  with  their  aquatic  habit  of  life,  the  Natatores  have 
a  boat-shaped  body,  usually  with  a  long  neck.  The  legs  are 
short,  and  placed  behind  the  centre  of  gravity  of  the  body, 
this  position  enabling  them  to  act  admirably  as  paddles,  at  the 
same  time  that  it  renders  the  gait  upon  dry  land  more  or  less 
awkward  and  shuffling.  In  all  cases  the  toes  are  "  webbed," 
or  united  by  membrane  to  a  greater  or  less  extent  In  many 
instances  the  membrane  or  web  is  stretched  completely  from 
toe  to  toe ;  but  in  others  the  web  is  divided  or  split  up  between 
the  toes,  so  that  the  toes  are  fringed  with  membranous  borders, 
and  the  feet  are  only  imperfectly  webbed 
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Amongst  the  more  important  families  of  the  Natatores  may 
be  enumerated  the  Penguins  {Sphmiscida)^  the  Auks  {Aicida\ 
the  Gulls  and  Terns  {Laridai),  the  Petrels  {JProcellaridai\  the 
Pelicans  {Felicanus\  the  Cormorants  {Phalacrocarax\  the  Gan- 
nets  {Sula),  the  Ducks  {Anaiida\  the  Geese  (Anserifus)^  and 
the  Swans  {Cygnida). 

As  might  have  been  expected,  the  remains  of  Natatorial 
Birds  are,  speaking  comparatively,  not  uncommon  as  fossils. 
The  earliest  traces  of  this  order  in  past  time  appear  in  the 
Cretaceous  series,  which  has  pelded  in  Europe  the  Cimolomis 
(supposed  to  be  allied  to  the  Albatross),  and  in  North  America 
the  genera  Graculavus,  Hesperomis,  LaomiSy  Telmatomisy  and 
Paksotringa.  The  Eocene  Tertiary  has  a  form  believed  to  be 
nearly  allied  to  the  living  Pelicans,  and  another  supposed  to  be 
related  to  the  Mergansers.  The  Ducks  and  Flamingos  appear 
for  the  first  time  in  the  Miocene,  and  the  Post-tertiary  deposits 
have  yielded  remains  of  Geese,  Gulls,  Terns,  Divers,  and  Guil- 
lemots, or  of  birds  allied  to  these. 

Order  II.  Grallatores. — ^The  birds  comprising  the  order 
of  the  GrallatoreSy  or  Waders,  for  the  most  part  frequent  the 
banks  of  rivers  and  lakes,  the  shores  of  estuaries,  marshes, 
lagoons,  and  shallow  pools,  though  some  of  them  keep  almost 
exclusively  to  dry  land,  preferring,  however,  moist  and  damp 
situations.  In  accordance  with  their  semi-aquatic,  amphibious 
habits,  the  Waders  are  distinguished  by  the  great  length  of 
their  legs;  the  increase  in  length  being  mainly  due  to  the 
great  elongation  of  the  tarso-metatarsus.  The  legs  are  also 
unfeathered  from  the  lower  end  of  the  tibia  downwards.  The 
toes  are  elongated  and  straight,  and  are  never  completely 
palmate,  though  sometimes  semi-palmate.  There  are  three 
anterior  toes,  and  usually  a  short  hallux,  but  the  latter  may  be 
wanting.  The  wings  are  long,  and  the  power  of  flight  usually 
considerable;  but  the  tail  is  short,  and  the  long  legs  are 
stretched  out  behind  in  flight  to  compensate  for  the  brevity 
of  the  tail.  The  body  is  generally  slender,  and  the  neck  and 
beak  usually  of  considerable  length. 

Amongst  the  more  important  Grallatorial  Birds  are  the  Rails 
iRaliidai)^  Water-hens  {GaiHnuIcB)^  Cranes  {Gruidce),  Herons 
{Ardeida),  Storks  {Ciconince),  Snipes  {Scolopaddci)^  Sandpipers 
{7yingidce)y  Curlews  (Numenius\  Plovers  {Charadriida)^  and 
Bustards  {Otida). 

As  in  the  case  of  the  Natatores^  the  earliest  traces  of  the 
Waders  appear  to  belong  to  the  Cretaceous  period.  These 
consist  of  bones  which  have  been  referred  to  a  Snipe-like  bird 
{Scolopax\  and  which  have  been  obtained  from  the  Greensand 
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of  New  Jersey.  In  the  Eocene  Rocks,  the  most  important  fonn 
is  the  Numenius  gypsorum,  which  has  been  discovered  in  the 
Gypseous  series  of  Montmartre,  and  which  is  supposed  to  have 
been  alhed  to  the  Ibis,  In  the  later  Tertiary  deposits  occur 
the  remains  of  birds  alhed  to,  if  not  identical  with,  the  living 
Cranes  ( Grus),  Bustards  (  Otis),  Rails  {^Sallus),  and  Cools  {Fuliea). 
Order  III.  Cursores. — The  third  order  of  Birds  is  that  of 
the  Cursores,  or  Runners,  comprising  the  Ostriches,  Rheas, 
Cassowaries,  Emeus,  and  the  singular  Apteryx  of  New  Zealand. 
In  many  respects  the  Cursores  are  to  be  looked  upon  as  an 
artificial  assemblage;  but  in  the  meanwhile  it  will  be  most 
convenient  to  consider  them  as  forming  a  dbtinct  division. 
The  Cursores  are  characterised  by  the  rudimentary  condition 
of  the  wings,  which  are  so  short  as  to  be  useless  for  flight,  and 
by  the  compensating  length  and  strength  of  the  legs.  In  ac- 
cordance with  this  condition  of  the  limbs,  many  of  the  bones 
retain  their  marrow,  and  the  sternum  is  destitute  of  the  pro- 
minent ridge  or  keel,  to  which  the  great  pectoral  muscles  are 
attached  (hence  the  name  of  Ratita,  applied  by  Huxley  to  the 


order).  In  the  Ostrich,  the  pubic  bones  of  the  pelvis  unite  to 
form  a  symphysis  pubis  as  they  do  in  no  other  bird,  and  in  all 
the  pelvic  arch  possesses  unusual  strength  and  stability.    The 

J 


ici  J,':  ■ 


394  BIRDS. 

legs  are  extremely  robust  and  powerful,  and  the  hind-toe  is 
entirely  wanting,  except  in  the  Apteryx^  in  which  it  is  rudimen- 
tary. The  anterior  toes  are  two  or  three  in  number,  and  are 
provided  with  strong  blunt  claws  or  nails.  The  plumage  pre- 
sents the  remarkable  peculiarity  that  the  barbs  of  the  feathers, 
instead  of  being  connected  to  one  another  by  hooked  barbules, 
as  is  usually  the  case,  are  remote  and  disconnected  from  one 
another,  presenting  some  resemblance  to  hairs. 

The  living  Cursorial  Birds  are  the  Ostrich  (Struthio  camdu$\ 
the  American  Ostriches  (Rhea\  the  Emeii  {Dromaius),  the 
various  species  of  Cassowary  (Casuartus),  and  the  Apteryx 
(fig-  332).  Of  the  extinct  forms  of  the  CursoreSy  the  most  ancient 
appears  to  be  the  Gastarnis  Parisiensis  of  the  Eocene  Tertiary. 
This  bird  seems  to  have  attained  the  size  of  an  Ostrich,  and  it 
appears  to  have  points  of  affinity  with  the  Natatorial  and  Gral- 
latorial  Birds.  In  the  superficial  deposits  of  New  Zealand  have 
been  found,  as  already  mentioned,  the  remains  of  several  species 
of  Dinomis  and  Palapieryx^  along  with  bones  of  the  now  ex- 
isting Apteryx,  In  similar  deposits  in  Madagascar  occur  the 
bones  of  the  gigantic  jEpiornis ;  and  in  the  bone-caves  of 
Brazil  have  been  found  remains  of  the  American  Ostriches 
or  Rheas. 

Order  IV.  Rasores. — ^The  fourth  order  of  Birds  is  that  of 
the  Rasores,  or  Scratchers,  often  spoken  of  collectively  as  the 
"  Gallinaceous"  Birds,  from  the  old  name  of  "Gallinae,"  given 
to  the  order  by  Linnaeus.  The  Rasores  are  characterised  by 
the  convex,  vaulted  upper  mandible,  having  the  nostrils  pierced 
in  a  membranous  space  at  its  base.  The  nostrils  are  covered 
by  a  cartilaginous  scale.  The  legs  are  strong  and  robust, 
mostly  covered  with  feathers  as  far  as  the  joint  between  the 
tibia  and  tarso-metatarsus.  There  are  four  toes,  three  in  front 
and  one  behind,  the  latter  being  short,  and  placed  generally  at 
a  higher  level  than  the  other  toes.  All  the  toes  terminate  in 
strong  blunt  claws  suitable  for  scratching  (Gallinacei)^  or  in 
more  slender  claws  adapted  for  perching  (Coiumbacei).  The 
order  Rasores  comprises  the  various  species  of  Grouse  {Tetra- 
onidce),  the  Partridges,  Francolins,and  Quails  {Perdictdce\  the 
Turkeys,  Fowls,  Pheasants,  and  Pea-fowl  (Fhasianida),  the 
Pigeons  and  Doves  {Columbidce),  and  the  recently  extinct  Dodo 
{Didus  ineptus),  , 

The  earliest  remains  of  the  Rasorial  Birds  appear  in  the 
Eocene  Tertiary,  where  traces  of  a  Partridge  have  been  found. 
In  Post-Tertiary  deposits  occur  the  remains  of  birds  more  or 
less  closely  allied  to  the  existing  Pigeons,  Grouse,  Quail, 
Pheasant,  Fowl,  and  Tinamou. 
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Order  V.  Scansores. — The  order  of  the  Scansorial  or 
Climbing  Birds  is  easily  and  very  shortly  defined,  having  no 
other  distinctive  and  exclusive  peculiarity  except  the  fact  that 
the  feet  are  provided  with  four  toes,  of  which  two  are  turned 
backwards  and  two  forwards.  Of  the  two  toes  which  are 
directed  backwards,  one,  of  course,  is  the  hallux,  or  proper 
hind-toe,  and  the  other  is  the  outermost  of  the  normal  three 
anterior  toes.  This  arrangement  of  the  toes  enables  the  Scan- 
sores  to  climb  with  unusual  facility.  Their  powers  of  flight,  on 
the  other  hand,  are  generally  only  moderate  and  below  the 
average. 

The  most  important  families  of  the  Scansores  are  the  Cuckoos 
(Cuculida\  the  Woodpeckers  and  Wry-necks  (Ficida),  the  Par- 
rots {Fsittacida),  the  Toucans  {Rhamp?uistidce\  and  the  Tro- 
gons  {Trogonidai). 

The  Scansores  are  of  small  importance  as  fossils,  but  the 
remains  of  Parrots,  Trogons,  Woodpeckers,  and  Cuckoos  have 
been  detected  in  the  later  Tertiary  and  Post-tertiary  deposits. 

Order  VI.  Insessoijes. — The  sixth  order  of  Birds  is  that  of 
the  Insessores^  or  Perchers — often  spoken  of  as  the  Passeres, 
or  "Passerine"  Birds.  They  are  defined  by  Owen  as  fol- 
lows : — 

"  Legs  slender,  short,  with  three  toes  before  and  one  behind, 
the  two  external  toes  united  by  a  very  short  membrane.*' 

The  Insessores  form  the  largest  order  of  existing  birds,  com- 
prising all  the  ordinary  "song-birds,"  and  including  a  great 
number  of  families.  The  earliest  known  representatives  of  the 
order  in  past  time  are  the  Protomis  Glarisiensis  of  the  Eocene 
.Schists  of  Claris,  and  the  Hakyomis  ioliapkus  of  the  London 
Clay  of  Sheppey — the  former  somewhat  resembling  the  living 
Larks,  whilst  the  latter  is  supposed  to  be  related  to  the  King- 
fishers. Besides  these,  a  few  unimportant  forms  have  been 
discovered  in  the  later  Tertiary  and  Post-tertiary  deposits. 

Order  VII.  Raptores. — AH  the  members  of  this  order  are 
characterised  by  the  shape  of  the  bill,  which  is  "strong,  curved, 
sharp-edged,  and  sharp-pointed,  often  armed  with  a  lateral 
tooth  "  (Owen).  The  upper  mandible  is  the  longest,  and  is 
strongly  hooked  at  the  tip.  The  body  is  very  muscular ;  the 
legs  are  robust,  short,  with  three  toes  in  front  and  one  behind, 
all  armed  with  long,  curved,  crooked  claws  or  talons;  the 
wings  are  commonly  pointed,  and  of  considerable  size,  and  the 
flight  is  usually  rapid  and  powerful. 

The  order  Raptores  is  divided  into  the  two  sections  of  the 
Nocturnal  and  Diurnal  Raptores,  comprising  respectively  the 
forms  which  fly  by  night  and  those  which  fly  by  day.    In  the 
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fonner  are  only  the  Owls,  and  in  the  latter  are  the  Havks, 
Falcons,  Eagles,  and  Vultures.  The  earliest  representative  of 
the  Raptores  in  past  time  is  the  LUIwmis  vuUurinus  of  the  Lon- 
don Clay  of  Sheppey,  a  bird  probably  related  to  the  existing 
vultures,  In  the  Gypseous  series  of  Montmartre  (Eocene), 
there  are  also  remains  of  an  Owl  (Strix),  and  of  a  Hairier 
(Circus).  In  later  Tertiary  and  Post-tertiary  deposits  occur 
unimportant  remains  of  Eagles,  Hawks,  and  Vultures. 

Order  VIII,  Saurur,^. — This  order  includes  only  the  ex- 
tinct bird,  the  Archteopteryx  macntra,  a  single  specimen  of 
which— and  that  but  a  fragmentary  one — has  been  discovered 
in  the  Lithc^japhic  Slates  of  Solenhofen  (Upper  Oolites). 
This  extraordinary  bird  (fig.  333),  appears  to  have  been  about 
as  big  as  a  Rook ;  but  it  differs  from  all  known  birds  in  having 
two  free  claws  belonging  to  the  wing,  and  in  having  a  long 
lizard-like  tail,  longer  than  the  body,  and  composed  of  separate 
vertebne. 


The  tail  was  destitute  of  any  ploughshare-bone,  and  each 
vertebra  carried  a  single  pair  of  quill-feathers.  The  metacar- 
pal bones  also  were  not  anchylosed,  as  they  are  in  all  other 
known  birds,  living  or  extinct.  Milne  Edwards  concludes 
that  Archaopteryx  was  probably  a  vegetable  feeder,  and  that  it 
ordinarily  perched  upon  trees. 
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CHAPTER  XXXV. 

MAMMALIA. 

General  Characters  of  the  Mammalia. 

The  last  and  highest  class  of  the  Vertehrata,  that  of  the  Mam- 
malia,  may  be  shortly  defined  as  including  Vertebrate  animals 
in  which  same  part  or  other  of  the  integument  is  always  provided 
with  hairs  at  some  time  of  life;  and  the  young  are  nourished  for 
a  longer  or  shorter  time,  by  means  of  a  special  fluid — the  milk — 
secreted  by  special  glands — the  mammary  glands.  These  two 
characters  are  of  themselves  sufficient  broadly  to  separate  the 
Mammals  from  all  other  classes  of  the  Vertebrate  sub-kingdom. 
In  addition,  however,  to  these  two  leading  peculiarities,  the 
Mammals  exhibit  the  following  other  characters  of  scarcely  less 
importance : — 

1.  The  skull  articulates  with  the  vertebral  column  by  means 
of  a  double  articulation,  the  occipital  bone  carrying  two  con- 
dyles, in  place  of  the  single  condyle  of  the  Reptiles  and  Birds. 

2.  The  lower  jaw  or  mandible  consists  of  two  halves  or 
rami,  united  anteriorly  by  a  symphysis,  but  not  necessarily  an- 
chylosed;  but  these  are  each  composed  of  a  single  piece, 
instead  of  being  complex  and  consisting  of  several  pieces,  as 
in  the  Reptiles  and  Birds.  Further,  the  lower  jaw  always  ar- 
ticulates directly  with  the  squamosal  element  of  the  skull,  and 
is  never  united  to  an  os  quadratum,  as  in  the  Sauropsida. 

3.  The  two  hemispheres  of  the  cerebral  mass,  or  brain  proper, 
are  united  together  by  a  more  or  less  extensively  developed 
"  corpus  callosum  "  or  commissure. 

4.  The  heart  consists — as  in  Birds — of  four  cavities  or  cham- 
bers, two  auricles  and  two  ventricles.  The  right  and  left  sides 
of  the  heart  are  completely  separated  from  one  another,  and 
there  is  no  communication  between  the  pulmonary  and  systemic 
circulations. 

5.  The  cavities  of  the  thorax  and  abdomen  are  completely 
separated  from  one  another  by  a  muscular  partition — the  dia- 
phragm or  midriff. 

6.  The  respiratory  oigans  are  in  the  form  of  two  lungs  placed 
in  the  thorax,  but  none  of  the  bronchi  end  in  air-receptacles, 
distributed  through  the  body,  as  in  Birds. 

As  regards  the  Osteology  of  the  Mammals,  the  following 
points  should  be  noticed : — 
With  the  exception  of  the  Whales  and  Dolphins  (Cetacea), 
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and  the  Dugongs  and  Manatees  (Sirmia),  the  vertebral  column 
is  divisible  into  the  same  regions  as  in  man — ^namely,  into  a 
cervical,  dorsal,  lumbar,  sacral,  and  caudal  or  coccygeal  region 
(see  fig.  269).  In  the  Cd<uea  and  Sirmia  the  dorsal  region  of 
the  spine  is  followed  by  a  number  of  vertebrae  which  compose 
the  hinder  extremity  of  the  body,  but  which  cannot  be  separ- 
ated into  lumbar,  sacral,  and  caudal  vertebrae. 

In  spite  of  the  great  difference  which  is  observable  in  the 
length  of  the  neck  in  different  Mammals,  the  number  of  verte- 
brae in  the  cervical  region  is  extraordinarily  constant,  being 
almost  invariably  seven,  as  in  man.  In  this  respect  there  is  no 
diflference  between  the  Whale  and  the  Giraffe.  The  only  ex- 
ceptions to  this  law  are  the  Manatus  australiSj  one  of  the  Sea- 
cows,  which  has  usually  six  cervical  vertebrae  \  and  the  three- 
toed  Sloth  (Bradypus  iridactylus\  which  is  commonly  regarded 
as  possessing  nine,  though  competent  anatomists  would  refer 
the  posterior  two  of  these  to  the  dorsal  region. 

The  dorsal  vertebrae  are  mostly  thirteen  in  number,  but  they 
vary  from  ten  to  twenty-four.  In  Man  there  are  twelve,  in  one 
of  the  Armadillos  only  ten,  and  in  the  three-fingered  Sloth  the 
maximum  is  attained.  The  lumbar  vertebrae  are  usually  six  or 
seven  in  number,  rarely  fewer  than  four.  In  Man  they  are  five 
in  number,  and  they  are  reduced  to  two  in  the  two-toed  Sloth, 
one  of  the  Ant-eaters,  and  the  Duck-mole. 

The  first  vertebra,  or  atlas,  always  bears  two  articular  cavi- 
ties for  the  reception  of  the  two  condyles  of  the  occipital  bone, 
and  the  second  vertebra,  or  axis,  usually  has  an  "  odontoid  " 
process  on  which  the  head  rotates.  In  the  true  Whales,  how- 
ever, in  which  the  cervical  vertebrae  are  anchylosed  together  to 
a  greater  or  less  extent,  and  the  neck  is  immovable,  the  odon- 
toid process  is  also  wanting. 

The  number  of  lumbar  and  sacral  vertebrae,  as  we  haye  seen, 
varies  in  different  Mammals ;  but  ordinarily  some  of  the  verte- 
brae are  anchylosed  into  a  single  bone,  and  have  the  iliac  bones 
abutting  against  them,  thus  constituting  the  ''sacrum"  of  human 
anatomists.  In  the  Cetacea  and  Sirmia^  in  which  the  hind- 
limbs  are  wanting,  and  the  pelvis  rudimentary,  there  is  no 
"  sacrum." 

The  thoracic  cavity  or  chest  in  Mammals  is  alwa3rs  enclosed 
by  a  series  of  ribs,  the  number  of  which  varies  with  that  of  the 
dorsal  vertebrae.  In  most  cases  each  rib  articulates  by  its  head 
with  the  bodies  of  two  vertebrae,  and  by  its  tubercle  with  the 
transverse  process  of  one  of  these  vertebrae  (the  lower  one). 
In  the  Monotremata  (e,g.y  the  Duck-mole),  the  ribs  articulate 
with  the  body  of  the  vertebra  only ;  and  in  the  Whales,  the 
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hindennost  of  the  ribs,  or  all  of  them,  articulate  with  the  trans- 
verse processes  only,  and  not  with  the  centra  at  all. 

There  are  usually  no  bony  pieces  uniting  the  ribs  with  the 
sternum  or  breast-bone  in  front,  as  in  Birds ;  but  the  so-called 
**  sternal  ribs  "  of  Aves  are  represented  by  the  "  costal  carti- 
lages" of  the  Mammals.  In  some  cases,  however,  the  carti- 
lages of  the  ribs  do  become  ossified  and  constitute  sternal  ribs. 
Sometimes,  as  in  the  Armadillos,  there  is  a  joint  between  the 
vertebral  rib  and  costal  cartilage.  More  rarely,  as  in  the  Mono- 
tremesj  an  intermediate  piece  is  found  between  the  vertebral 
and  costal  portions  of  the  rib.  Only  the  anterior  ribs  reach 
the  sternum,  and  these  are  called  the  "  true  "  ribs ;  the  poste- 
rior ribs,  which  fall  short  of  the  breast-bone,  being  known  as 
the  "  false  "  ribs. 

The  sternum  or  breast-bone  is  formed  of  several  pieces  placed 
one  behind  the  other,  but  usually  anchylosed  together  to  form 
a  single  bone.  It  is  placed  upon  the  ventral  surface  of  the 
body,  and  is  united  with  the  vertebral  coliunn  by  the  ribs  and 
their  cartilages.  It  is  generally  a  long  and  narrow  bone,  but  in 
the  Cetacea  it  is  broad.  It  is  only  in  some  burrowing  animals 
(such  as  the  Moles)  and  in  the  true  flying  Mammals  (the  Bats), 
that  the  sternum  is  provided  with  any  ridge  or  keel  for  the  at- 
tachment of  the  pectoral  muscles,  as  it  is  in  Birds.  The  ster- 
num is  primitively  composed  of  three  pieces,  an  anterior  piece 
ox  prcMtemufiiy  a  middle  piece  or  mesosternum^  and  a  posterior 
piece  or  xiphistemum.  The  praestemura  is  the  "  manubrium 
stemi "  of  human  anatomy,  and  is  the  portion  of  the  sternum 
which  lies  in  front  of  the  attachment  of  the  second  pair  of  ribs. 
All  the  other  ribs  are  connected  with  the  mesostemum.  The 
xiphisternum  is  the  ''  xiphoid  cartilage  "  of  human  anatomy,  and 
it  commonly  remains  throughout  life  more  or  less  unossified. 
In  the  Monotremes  there  is  a  T-shaped  bone  above  or  in  front 
of  the  praestemum,  but  this  is  probably  to  be  regarded  as  be- 
longing to  the  shoulder-girdle,  and  as  representing  the  "  epi- 
stemum  "  or  "  interclavicle"  of  the  Reptiles. 

The  normal  number  of  limbs  in  the  Mammalia  is  four,  two 
anterior  and  two  posterior  \  and  hence  they  are  often  spoken 
of  as  '^  quadrupeds,"  though  all  the  limbs  are  not  universally 
present,  and  other  animals  have  four  limbs  as  well.  The  ante- 
rior limbs  are  not  known  to  be  wanting  in  any  Mammal,  but 
the  posterior  limbs  are  absent  in  the  Cetacea  and  Sirenia, 

a!s  regards  the  structure  of  the  anterior  limb,  the  chief 
points  to  be  noticed  concern  the  means  by  which  it  is  con- 
nected with  the  trunk.  The  scapula  or  shoulder-blade  is  never 
absent^  and  it  is  in  the  form  of  a  broad  flat  bone,  applied  to  the 
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outer  aspect  of  the  ribs,  and  much  more  developed  than  in  the 
Birds.  The  coracoid  bone,  which  forms  such  a  marked  feature 
in  the  scapular  arch  of  AveSy  is  fused  with  the  scapula,  and 
only  articulates  with  the  sternum  in  the  Duck-mole  and  Echidna 
(Monotremata),  In  all  other  Mammals  the  coracoid  forms 
merely  a  process  of  the  scapula,  and  does  not  reach  the  top  of 
the  breast-bone.  The  collar-bones  or  clavicles  never  unite  in 
any  Mammal  to  form  a  "  furculum,"  as  in  Birds ;  but  in  the 
Monotremes  they  unite  with  an  "  inter-clavicle  "  placed  in  front 
of  the  sternum.  The  clavicles,  in  point  of  fact,  are  not  present 
in  a  well-developed  form  in  any  Mammals  except  in  those 
which  use  the  anterior  limbs  in  flight,  in  digging,  or  in  prehen- 
sion. The  Cdacea^  the  Hoofed  Quadrupeds  ( Uhgulata),  and 
some  of  the  Edentata,  have  no  clavicles.  Most  of  the  Camu 
vora  and  some  Rodents  possess  a  clavicle,  but  this  is  imperfect, 
and  does  not  articulate  with  the  top  of  the  sternum.  The  In- 
sectivorous Mammals,  many  of  the  Rodents,  the  Bats,  and  all 
the  Qtuuirumana,  have  (with  man)  a  perfect  clavicle  articulat- 
ing with  the  anterior  end  of  the  sternum. 

The  humerus,  or  long  bone  of  the  upper  arm  {brachium),  is 
never  wanting,  but  is  extremely  short  in  the  Whales,  in  which 
the  anterior  limbs  are  converted  into  swimming-paddles. 

In  the  fore-arm  of  all  Mammals  the  ulna  and  radius  are  re- 
cognisable, but  they  are  not  necessarily  distinct;  and  the  radius, 
as  being  the  bone  which  mainly  supports  the  hand,  is  the  only 
one  which  is  alwa3rs  well  developed,  the  ulna  being  often  rudi- 
mentary. In  the  Cetacea  the  ulna  and  radius  are  anchylosed 
together ;  and  in  most  of  the  Hoofed  Quadrupeds  they  are  an- 
chylosed towards  their  distal  extremities. 

The  fore-arm  is  succeeded  by  the  small  bones  which  com- 
pose the  wrist  or  "  carpus."  These  are  eight  in  number  in  man, 
but  vary  in  different  Mammals  from  five  to  eleven. 

The  metacarpus  in  man  and  in  most  Mammals  consists  of 
five  cylindrical  bones,  articulating  proximally  with  the  carpus, 
and  distally  with  the  phalanges  of  the  fingers.  The  most  re- 
markable modification  of  this  normal  state  of  things  occurs  in 
the  Ruminants  and  in  the  Horse.  In  the  Ruminants,  in  which 
the  foot  is  cleft,  and  consists  of  two  perfect  toes  only,  there  are 
two  metacarpal  bones  in  the  embryo ;  but  these  are  anchylosed 
together  in  die  adult,  and  form  a  single  mass  which  is  known 
as  the  "  canon-bone  "  (fig.  334,  ca).  In  the  Horse,  in  which 
the  foot  consists  of  no  more  than  a  single  digit  there  is  only  a 
single  metacarpal  bone,  on  each  side  of  which  are  two  little 
bony  spines — the  so-called  "splint-bones" — ^which  are  attached 
superiorly  to  the  carpus.    These  are  to  be  regarded  as  rudi- 
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mentary  metacarpals ;  but  by  Cuvier  they  were  looked  upon  as 
imperfect  fingers.  In  most  of  the  other  Ungulates  there  are  at 
least  three  metacarpals,  and  in  the  Elephants  there  are  five. 

The  normal  number  of  digits 
is  five,  but  they  vary  from  one 
to  five.  The  middle  finger  is 
the  longest  and  most  persistent 
of  the  digits  of  the  fore-limb ; 
and  in  the  Horse  it  is  the  only 
one  which  is  left  (fig.  334,  A). 
The  thumb  is  very  fi-equently 
absent  In  the  Ruminants  there 
are  only  two  fingers  which  are 
functionally  useful,  these  carry- 
ing the  hoofs.  In  many  Rumi- 
nants, however,  there  are  two 
rudimentary  and  fiinctionally 
useless  digits  in  addition. 

Normally  each  digit  has  three 
phalanges,  except  the  thumb, 
which  has  only  two.  In  the 
Whales  and  Do\phms{Cefac€a), 
in  which  the  anterior  limbs  form 
swimming  -  paddles  very  like 
those  of  the  Ichthyosaurus  and 
FUsiosaurus,  the  phalanges  are 
considerably  increased  in  num- 
ber as  they  are  in  those  Rep- 
tiles. In  all  the  Mammalia, 
too,  except  the  Cetacea^  it  is  the 
rule  that  the  terminal  phalanx 
in  each  digit  should  carry  a 
nail,  claw,  or  hoof. 

Whilst  the  anterior  limbs  are  never  absent  in  any  Mammal, 
the  posterior  limbs  are  occasionally  wholly  wanting,  as  in  the 
Cetacea  and  Sirenia,  Generally  speaking,  however,  the  poste- 
rior limbs  are  present,  and  the  pelvic  arch  has  much  the  same 
structure  as  in  man.  The  two  halves  of  the  pelvis — the  ossa 
innominata — consist  each  of  three  pieces  in  the  embryo  (viz., 
the  ilium,  ischium,  and  pubes),  which  meet  to  form  the  cup- 
shaped  cavity  known  as  the  "  acetabulum,"  with  which  the  head 
of  the  thigh-bone  articulates.  In  the  adult  Mammal  these 
three  bones  are  anchylosed  together,  and  the  two  ossa  inno- 
minata unite  in  front  by  means  of  a  symphysis  pubis,  con- 
stituted either  by  a  cartilaginous  union  (synchondrosis),  or  by 
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Fi^.  334. — A,  Fore-leg  of  the  Horse :  r 
Radius ;  c  Carpus ;  ca  Canon-bone ;  / 
Splint-bone ;  a  First  phalanx  or  "  great 
pastern;"  b  Second  phalanx  or  "small 
pastern ;  **  c  Ungual  phalanx  or  "  coffin- 
bone."  B,  Fore-limb  of  a  Deer :  r  Radi- 
us ;  c  Carpus ;  ca  Canon-boue  ;  s  Supple- 
mentary toe. 
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merely  ligamentous  attachment  In  some  Mammals,  however, 
such  as  the  Mole,  and  many  of  the  Bats,  the  pubic  bones  re- 
main disunited  during  life.  As  a  rule  also,  the  ossa  innomin- 
ata  are  firmly  united  with  the  vertebral  column.  In  the  Ceta- 
ceans, in  which  the  hind-limbs  are  wanting,  and  there  is  no 
sacrum,  the  innominate  bones  are  rudimentary,  and  are  not 
attached  in  any  way  to  the  spine. 

The  only  other  bones  which  are  ever  connected  with  the 
pelvis  are  two  small  bones  which  are  directed  upwards  from 
the  brim  of  the  pelvic  cavity  in  Marsupials  and  Monotremes. 
These  are  the  so-called  "  marsupial  bones  "  regarded  generally 
as  not  forming  parts  of  the  skeleton  properly  so  called,  but 
as  being  ossifications  of  the  internal  tendons  of  the  ''  external 
oblique"  muscles  of  the  abdomen  (fig.  336). 

In  those  Mammals  which  possess  hind-limbs,  the  noimal 
composition  of  the  member  is  of  the  following  parts  : — i.  A 
thigh-bone  or  femur ;  2.  Two  bones  forming  the  shank,  and 
known  as  the  tibia  and  fibula ;  3.  A  number  of  small  bones 
constituting  the  ankle  or  tarsus;  4.  The  "root"  of  the  foot, 
made  up  of  the  "  metatarsus ;  **  5.  The  phalanges  of  the  toes 
(see  fig.  271). 

The  thigh-bone  or  femur  articulates  with  the  pelvis,  usually 
at  a  very  open  angle.  In  Man  it  is  distinguished  by  being  the 
longest  bone  of  the  body,  and  by  having  the  axis  of  its  shaft 
nearly  parallel  to  that  of  the  vertebral  column.  In  most  Mam- 
mals the  femur  is  relatively  shorter,  and  the  axis  of  its  shaft 
deviates  considerably  from  that  of  the  spine,  being  sometimes 
at  right  angles,  or  even  at  an  acute  angle. 

Of  the  bones  of  the  leg  proper  the  tibia  corresponds  to  the 
radius  in  the  fore-limb,  as  shown  by  its  carrying  the  tarsus ; 
and  the  fibula  is  the  representative  of  the  ulna.  The  articula- 
tion between  the  tibia  and  fibula  on  the  one  hand,  and  the 
femur  on  the  other,  constitutes  the  "  knee-joint,"  which  is  usu- 
ally defended  in  front  by  the  "  knee-pan  "  or  patella,  a  large 
sesamoid  bone  developed  in  the  tendons  of  the  great  extensor 
muscles  of  the  thigh.  The  patella  is  of  small  size  in  the  Car- 
nivora^  but  does  not  appear  to  be  wanting  in  any  except  the 
Marsupials.  In  many  cases  the  tibia  and  fibula  are  anchylosed 
towards  their  distal  extremities.  In  the  Horse  the  fibula  has 
much  the  same  character  as  in  Birds,  being  a  long  splint-like 
bone  which  only  extends  about  half-way  down  the  tibia.  In 
the  Ruminants  the  reverse  of  this  obtains,  the  upper  half  of  the 
fibula  being  absent,  and  only  the  lower  half  present. 

The  tibia  articulates  with  the  tarsus,  consisting  in  Man  of 
seven  bones,  but  varying  in  different  Mammals  from  four  to  nine. 
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The  foot  consists  normally  of  five  toes  connected  with  the 
tarsus  by  means  of  five  metatarsal  bones,  which  closely  re- 
semble the  metacarpals.  In  the  Ruminants  there  are  only  two 
metatarsals,  and  these  are  anchylosed  in  the  adult,  and  carry 
two  toes.  In  the  Horse  there  is  only  one  complete  metatarsal 
supporting  a  single  toe.  As  a  rule,  the  number  of  digits  in  the 
hind-limb  or  foot  is  the  same  as  that  in  the  fore-limb  or  hand ; 
but  this  is  not  always  the  case. 

The  cranial  bones  are  invariably  connected  with  one  another 
by  sutures,  and  in  no  other  examples  than  the  Monotremes  are 
these  sutures  obliterated  in  the  adult  The  occipital  bone 
carries  two  condyles  for  articulation  with  the  first  cervical 
vertebra.  The  lower  jaw  is  composed  of  two  halves  or  rami, 
which  are  distinct  from  another  in  the  embryo,  and  may  or 
may  not  be  anchylosed  together  in  the  adult  However  this 
may  be,  in  no  Mammal  is  the  ramus  of  the  lower  jaw  composed 
of  several  pieces,  as  it  is  in  Birds  and  Reptiles,  nor  does  it 
articulate  with  the  skull  by  the  intervention  of  an  os  quadratum. 
On  the  other  hand,  each  ramus  of  the  lower  jaw  in  the  Mam- 
nptals  is  composed  of  only  a  single  piece,  and  articulates  with 
the  squamosal  element  of  the  skull,  or,  in  other  words,  with  the 
squamous  portion  of  the  temporal  bone. 

Teeth  are  present  in  the  great  majority  of  Mammals ;  but 
they  are  only  present  in  the  embryo  of  the  Whalebone  Whales, 
and  are  entirely  absent  in  the  genera  Echidna^  Manis^  and 
Myrmecophaga.  In  the  Duck-mole  {Omitharhynchus)  the  teeth 
are  homy,  and  the  same  was  the  case  in  the  extinct  Rhytina 
amongst  the  Sirmicu  In  all  other  Mammals  the  teeth  have 
their  ordinary  structure  of  dentine,  enamel,  and  crusta  petrosa, 
these  elements  being  variously  disposed  in  different  cases.  In 
no  Mammals  are  the  teeth  ever  anchylosed  with  the  jaw,  and 
in  all  the  teeth  are  implanted  into  distinct  sockets  or  alveoli, 
which,  however,  are  very  imperfect  in  some  of  the  Cetacea. 

Many  Mammals  have  only  a  single  set  of  teeth  throughout 
life,  and  these  are  termed  by  Owen  "  monophyodont."  In 
most  cases,  however,  the  first  set  of  teeth — called  the  "  milk  " 
or  "  deciduous  "  teeth — is  replaced  in  the  course  of  growth  by 
a  second  set  of  "  permanent "  teeth.  The  deciduous  and  per- 
manent sets  of  teeth  do  not  necessarily  correspond  to  one 
another ;  but  no  Mammal  has  ever  mare  than  these  two  sets. 
The  Mammals  with  two  sets  of  teeth  are  called  by  Owen 
"  diphyodont" 

In  Man  and  in  many  other  Mammals  the  teeth  are  divisible 
into  four  distinct  groups,  which  dififer  from  one  another  in 
position,  appearance,  and  function;  and  which  are  known 
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respectively  as  the  incisors,  canines,  pramolars,  and  molars 
(fig.  33s).  "Those  teeth  which  are  implanted  in  the  prie- 
maxillary  bones,  and  in  the  corresponding  part  of  the  lower 
jaw,  are  called  'incisors,'  whatever  be  their  shape  or  size. 
The  tooth  in  the  maxillary  bone  which  is  situated  at  or  near 
to  the  suture  with  the  priemaKillary,  is  the  '  canine,'  as  is  also 
that  tooth  in  the  lower  jaw  which,  in  opposing  it,  passes  in 
front  of  its  crown  when  the  mouth  is  closed.  The  other  teeth 
of  the  first  set  are  the  '  deciduous  molars ; '  the  teeth  which 
displace  and  succeed  them  vertically  are  the  '  prse molars;' 
the  more  posterior  teeth,  which  are  not  displaced  by  vertical 
successors,  are  the  '  molars '  properly  so  called." — (Owen.) 
The  deciduous  dentition,  therefore,  of  a  diphyodont  Mammal, 
consists  of  only  three  kinds  of  teeth — incisors,  canines,  and 


molars.  The  incisor  and  canine  teeth  of  the  deciduous  set  are 
replaced  by  the  teeth  which  bear  the  same  names  in  the  per- 
manent set.  The  deciduous  "  molars,"  however,  are  replaced 
by  the  permanent  "  prasmolars,"  and  the  "  molars  "  of  the  per- 
manent set  of  teeth  are  not  represented  in  the  deciduous  series, 
only  existing  once,  and  not  being  replaced  by  successors. 

AH  these  four  kinds  of  teeth  are  not  necessarily  present  in 
all  Mammals,  and,  as  will  be  afterwards  seen,  the  characters  of 
the  teeth  are  amongst  the  most  important  of  the  distinctions  by 
which  the  Mammalian  orders  are  separated  from  one  another. 
The  variations  which  exist  in  the  number  of  teeth  in  different 
Mammals  are  usually  expressed  by  a  "dental  formula,"  which 
presents  the  "  dentition  "  of  both  jaws  in  a  condensed  and 
easily-recognised  form. 


■  I  -   ^^^^^■iwg»^«^^^ry^— BikmiJia  ■■— 1    ■»-    ■    I  -  u.  ^^^^ 
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According  to  Owen,  the  typical  permanent  dentition  of  a 
diphyodont  Mammal  would  be  expressed  by  the  following 
formula : — 

.3—3        i—i      .     4—4       3—3 
3—3        I— I  4—4        3—3 

The  four  kinds  of  teeth  are  indicated  in  such  a  formula  by  the 
letters — incisors  /,  canines  c,  prsemolars  /«r,  molars  m.  The 
numbers  in  the  upper  line  indicate  the  teeth  in  the  upper  jaw, 
those  in  the  lower  line  stand  for  those  in  the  lower  jaw ;  and 
the  number  of  teeth  on  each  side  of  the  jaw  is  indicated  by 
the  short  dashes  between  the  figures. 

As  regards  their  general  distribution  in  time^  as  a  matter  of 
course,  the  remains  of  Mammals  are  scanty,  and  occupy  but. 
a  small  space  in  the  geological  record;  since  the  greater 
number  of  the  Mammalia  are  terrestrial,  and  the  greater 
number  of  the  stratified  fossiliferous  deposits  are  marine.  The 
Mammals,  too,  are  the  most  highly  organised  of  the  entire 
sub-kingdom  of  the  Vertd?rata  ;  and  therefore,  in  obedience  to 
the  well-known  law  of  succession,  they  ought  to  make  their 
appearance  upon  the  globe  at  a  later  period  than  any  of  the 
lower  classes  of  the  Verttbraia,  Such,  in  point  of  fact,  is  to  a 
great  extent  the  case ;  and  if  the  geological  record  were  perfect, 
the  law  would  doubtless  be  carried  out  to  its  full  extent 

It  is  in  the  upper  portion  of  the  Triassic  Rocks — that  is  to 
say,  not  long  after  the  commencement  of  the  Mesozoic  or 
Secondary  epoch — that  Mammals  for  the  first  time  make  their 
appearance ;  three  or  four  species  being  now  known  in  a  zone 
of  rocks  which  are  placed  at  the  summit  of  the  Trias,  just  where 
this  formation  begins  to  pass  into  the  Lias.  The  earliest  of  these 
— the  oldest  known  of  dl  the  Mammals — appears  at  the  upper 
part  of  the  Upper  Trias  (Keuper)  and  also  at  its  ver}'  summit 
(Penarth  beds),  and  has  been  described  under  the  name  of 
Microlestes  antiquus.  The  nearest  ally  of  Microlestes  amongst 
existing  Mammals  would  seem  to  be  the  Marsupial  and  insec- 
tivorous Myrmecobius^  or  Banded  Ant-eater  of  Australia.  As 
only  the  teeth,  however,  of  Microlestes  have  hitherto  been  dis- 
covered, it  is  impossible  to  decide  positively  whether  this 
primevd  Mammal  was  Marsupial  or  Placental 

The  next  traces  of  Mammals  occur  in  the  Stonesfield  Slate 
(Lower  Oolites),  and  here  fotu:  species,  all  of  small  size,  are 
known  to  occur.  Most  of  these  were  Marsupial,  but  it  is 
possible  that  one  was  Placental.  They  form  the  genera  Amphi- 
lesteSy  Amphitherium^  Fhascolotherium,  and  Stereognathus,  After 
the  Stonesfield  Slate  another  interval  succeeds,  in  which  no 
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Mammalian  remains  have  hitherto  been  found ;  but  in  the  fresh- 
water formation  of  the  Middle  Purbeck,  at  the  top,  namely,  of 
the  Oolitic  series,  as  many  as  fourteen  small  Mammals  have 
been  discovered.  These  constitute  the  genera  PlagiaulaXy 
Spalacotherium^  Tricanodon^  and  Gakstes,  Another  gap  then 
follows,  no  Mammal  having  hitherto  been  discovered  in  any 
portion  of  the  Cretaceous  series  (with  doubtful  exceptions). 

Leaving  the  Mesozoic  and  entering  upon  the  Kainozoic 
period,  remains  of  Mammals  are  never  absent  from  any  of  the 
geological  formations.  From  the  base  of  the  Eocene  Rocks 
up  to  the  present  day  remains  of  Mammals  commonly  occur, 
constantly  increasing  in  number  and  importance,  till  we  arrive 
at  the  fauna  now  in  existence  upon  the  globe. 

In  the  following  are  given  the  characters  of  each  order  of 
the  Mammalia^  with  the  range  in  time,  and,  so  far  as  known, 
the  more  important  fossil  forms  of  each.  The  number,  how- 
ever, of  known  fossil  Mammals  is  so  great,  and  in  many  cases 
they  exhibit  so  many  peculiarities  and  divergences  from  exist- 
ing forms,  that  nothing  more  can  be  attempted  here  than  to 
give  a  brief  and  general  sketch  of  the  palaeontological  history  of 
the  class ;  attention  being  drawn,  where  it  may  seem  necessary, 
to  extinct  types  of  special  interest. 


CHAPTER   XXXVI. 

ORDERS  OF  MAMMALIA. 

Order  L  Monotremata. — ^The  first  and  lowest  order  of  the 
Mammalia  is  that  of  the  Monotremata^  containing  only  two 
genera,  both  belonging  to  Australia — ^namely,  the  Duck-mole 
\Omithorhynchus)  and  the  Porcupine  Ant-eater  (Echidna). 

The  order  is  distinguished  by  the  following  characters: — 
The  intestine  opens  into  a  "  cloaca,"  which  receives  also  the 
products  of  the  urinary  and  generative  organs,  which  discharge 
themselves  into  a  urogenital  canal — the  condition  of  parts 
being  very  much  the  same  as  in  Birds.  The  jaws  are  either 
wholly  destitute  of  teeth  {Echidna)^  or  are  furnished  with  homy 
plates  which  act  as  teeth.  The  pectoral  arch  has  some  highly 
bird-like  characters,  the  most  important  of  these  being  the 
extension  of  the  coracoid  bones  to  the  anterior  end  of  the 
sternum.  The  females  possess  no  marsupial  pouch,  but  the /I 
pelvis  is  furnished  with  the  so-called  "  marsupial  bones,"  be-  'J 
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lieved  to  be  ossifications  of  the  internal  tendon  of  the  external 
oblique  muscle  of  the  abdomen.  The  corpus  callosum  is  very 
small,  and  has  been  asserted  to  be  altogether  wanting.  There 
are  no  external  ears.  The  mammary  glands  have  no  nipples, 
and  their  ducts  open  either  into  a  kind  of  integumentary  pouch 
{Echidna)  or  simply  on  a  flat  sur&ce  \Omithorhynchus),  The 
young  are  said  to  be  destitute  of  a  placenta,  or,  in  other  words, 
no  vascular  connection  is  established  between  the  foetus  and 
the  mother.  The  feet  have  five  toes  each,  armed  with  claws, 
and  the  males  carry  perforated  spurs  on  the  back  of  the  tarsus 
(attached  to  a  supplementary  tarsal  bone). 

As  regards  their  geological  history,  the  Monotremes  are  not 
known  to  be  represented  at  all  in  past  time ;  and  this  need  not 
excite  any  surprise,  seeing  that  the  order  is  represented  at  the 
present  day  by  no  more  than  two  genera,  both  confined  to  a 
single  geographical  region.  Upon  theoretical  grounds,  how- 
ever, it  may  be  expected  that  we  shall  ultimately  discover  that 
the  antiquity  of  the  order  Monotremata  is  extremely  high. 

Order  II.  Marsupialia. — ^The  order  Marsupialia  forms 
with  the  Monotremata  the  division  of  the  Non-placental  Mam- 
mals. With  the  single  exception  of  the  genus  JDideiphySy  which 
is  American,  all  the  Marsupialia  belong  to  the  Melanesian  pro- 
vince ;  that  is  to  say,  they  all  belong  to  Australia,  Van  Diemen's 
Land,  New  Guinea,  and  some  of  the  neighbouring  islands. 

The  following  are  the  characters  which  distinguish  the 
order : — 

The  skull  is  composed  of  distinct  cranial  bones  united  by 
sutures,  and  they  all  possess  true  teeth ;  whilst  the  angle  of 
the  lower  jaw  is  almost  alwavs  inflected.  The  pectoral  arch 
has  the  same  form  as  in  the  higher  Mammals,  and  the  coracoid 
no  longer  reaches  the  anterior  end  of  the  sternum.  All  pos- 
sess the  so-called  "marsupial  bones"  (fig.  336),  attached  to 
the  brim  of  the  pelvis.  The  corpus  callosum  is  very  small, 
and  has  been  asserted  to  be  absent  The  young  Marsupials 
are  bom  in  a  very  imperfect  condition,  of  very  small  size,  and 
at  a  stage  when  their  development  has  proceeded  to  a  very 
limited  degree  only.  It  is  believed  that  there  is  no  placenta 
or  vascular  communication  between  the  mother  and  foetus, 
parturition  taking  place  before  any  necessity  arises  for  such  an 
arrangement.  As  the  young  are  bom  in  such  an  imperfect 
state  of  development,  special  arrangements  are  required  to 
secure  their  existence.  When  bom,  they  are  therefore,  in  the 
great  majority  of  cases,  transferred  by  the  mother  to  a  peculiar 
pouch  formed  by  a  folding  of  the  integument  of  the  abdomen. 
This  pouch  is  known  as  the  "  marsupium,"  and  gives  the  name 
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to  the  order.  Within  the  marsupium  are  contained  the  nipples, 
which  are  of  great  length.  Being  for  some  time  after  their 
birth  extremely  feeble,  and  unable  to  peifoim  the  act  of  suc- 
tion, the  young  within  the  pouch  are  nourished  involuntarily, 
the  mammary  glands  being  provided  with  special  muscles 
which  force  the  milk  into  the  mouths  of  the  young.  At  a 
later  stage  the  young  can  suckle  by  their  own  exertions,  and 
they  leave  the  pouch  and  return  to 
it  at  will  In  a  few  forms  there  is 
no  complete  marsupium  as  above 
described ;  but  the  structure  of  the 
nipples  is  the  same,  and  the  young 
are  carried  about  by  the  mother, 
adhering  to  the  lengthy  teats. 

The  so-called  "  marsupial  bones  " 
(fig-  336)  doubtless  serve  to  support 
the  marsupial  pouch  and  its  con- 
tained young,  but  this  cannot  be 
their  sole  function,  since  they  occur 
in  the  Monotremes,  in  whidi  there 
is  no  pouch. 

They  consist  of  two  small  bones, 
which  spring  from  the  brim  of  the 
pelvis,  and  which  are  merely  ossi- 
fications of  the  internal  tendons  of 
the  "external  oblique"  muscles  of 
Fig.  336. -One  =id=  of  .he  pti-  the  abdomen. 
1^  of  a  Kangaroo,  iiio«ing  the  The  Morsufialta  may  be  pn- 
Owe""^"'  '*""'  ^"^  '^''  marily  divided  into  the  vegetable- 
eating  and  the  rapacious  or  car- 
nivorous forms — the  former  characterised  by  the  rudimentary 
condition  or  absence  of  the  canine  teeth,  the  molars  mostly 
having  broad  grinding  crowns ;  whilst  in  the  latter  there  are 
well-developed  canines,  and  the  molars  mostly  have  trenchant 
edges.  In  the  phytophagous  section  aie  the  living  Kangaroos 
(Maerapodida),  the  Wombat  (Phaswlomys),  the  Kangaroo-rats 
{Hypstprymnus),  and  the  Phalangers  {Phaiangistid<£).  In  the 
carnivorous  section  are  the  true  Opossums  {Dideiphidd),  the 
Banded  Ant-eater  (Myrmecobius),  the  Thylacinus,  and  the 
"  native  devil  "  or  Dasyurus. 

As  regards  their  distribution  in  time,  the  Marsttpialia  pro- 
bably constitute  the  oldest  of  the  Mammalian  orders.  Owing, 
however,  to  the  detached  and  fragmentary  condition  of  almost 
all  Mammalian  remains — consisting  in  many  cases  of  the 
ramus  of  the  lower  jaw,  or  of  separate  teeth — it  is  not  possible 
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to  state  this  with  absolute  certainty.  The  oldest  known 
European  Mammal  is  the  Mierolesta  antiquus  of  the  Upper 
Trias,  only  a  few  teeth  of  which  have  been  as  yet  detected, 
The  earliest  horizon  on  which  Microlestes  occurs  is  in  a  "  bone- 
bed  "  in  the  Keuper  of  Wiirtembeig ;  but  it  has  also  been 
detected  in  the  higher  "  Rhsetic "  beds.  Professor  Owen 
believes  that  the  Hypsiprymnopsis  of  Mr  Boyd  Dawkins,  from 
the  Rhfetic  marls  of  Somersetshire,  is  also  referable  to  Micro- 
latis.  Upon  the  whole,  it  is  most  probable  that  Microlestes 
was  Marsupial ;  and  it  appears  to  be  most  nearly  related  to 
the  little  insectivorous  Myrmecobius  or  fianded  Ant-eater  of 
New  South  Wales  (fig.  337). 


Nearly  allied  to  Microlestes  is  a  small  Mammal,  a  lower  jaw 
of  which  has  been  obtained  from  the  Trias  of  North  America, 
and  which  has  been  described  under  the  name  of  Drgmathcrium 
sylvestre.  This  little  animal  (fig.  338)  appears  also  to  be  Mar- 
supial, and  to  be  most  neariy  related  to  Myrmecobius.     Each 


a  EiuBoniX    From  roclu 


ramus  of  the  lower  jaw  contains  "  ten  small  molars  in  a  con- 
tinuous series,  one  canine,  and  three  conical  incisors — the 
latter  being  divided  by  short  intervals  "  (Owen), 
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The  next  Mammaliferous  horizon  above  the  Trias  is  the 
Stonesfield  Slate  in  the  Lower  Oolites ;  and  there  is  no  doubt 
that  some,  if  not  all,  of  the  Mammalian  remains  of  this  belong 
to  small  Marsupials.  Four  genera  of  small  Mammals  are 
known  from  this  horizon  —  viz.,  Amphilestes,  Amphitherium^ 
Phascolotherium^  and  Stereognathus,  In  Amphitherium  (fig. 
339),  the  molars  are  cuspidate^  and  the  animal  was  doubtless 


Fig.  339.— Ramus  of  the  lower  jaw  of  Amphitkerium  {Tkylacciktrium) 

Prevosth.    Stonesfield  Slate. 

insectivorous.  It  is  believed  by  Owen  to  be  Marsupial,  and 
to  be  most  nearly  related  to  Myrmecohius.  Atnphilestes  and 
Phascolotherium  (fig.  340)  are  also  believed  by  the  same  high 
authority  to  have  been  insectivorous  Marsupials,  and  the  latter 
is  supposed  to  find  its  nearest  living  ally  in  the  Opossums  of 
America.  Lastly,  the  Stereognathus  of  the  Stonesfield  Slate  is 
in  a  dubious  position.  It  may  have  been  Marsupial ;  but, 
upon  the  whole.  Professor  Owen  is  inclmed  to  believe  that  it 
was  placental,  hoofed,  and  herbivorous. 

With  the  occurrence  of  small  Marsupials  in  England  within 
the  Oolitic  period,  it  is  interesting  to  notice  how  the  fauna  of 
that  time  approached  in  other  respects  to  that  now  inhabiting 
Australia.  At  the  present  day,  Australia  is  almost  wholly 
tenanted  by  Marsupials ;  upon  its  land-surface  flourish  Aran- 
carta  and  Cycadaceous  plants,  and  in  its  seas  swims  the  Port- 
Jackson  Shark  {Cesiracion  Philippt) ;  whilst  the  MoUuscan 
genus  Trigonia  is  nowadays  exclusively  confined  to  the  Aus- 
tralian coasts.  In  England  at  the  time  of  the  deposition  of 
the  Stonesfield  Slate,  we  must  have  had  a  fauna  and  flora  very 
closely  resembling  what  we  now  see  in  Australia.  The  small 
Marsupials  Amphitherium  and  Phascolotherium  prove  that  the 
Mammals  were  the  same  in  order ;  cones  of  Araucarian  pines, 
with  tree-ferns  and  fronds  of  Cycads,  occur  throughout  the 
Oolitic  series;  spine -bearing  fishes,  like  the  Port -Jackson 
Shark,  are  abundantly  represented  by  genera  such  as  Acrodus 
and  Strophodus;  and  lastly,  the  genus  Ihtgoma,  now  exclu- 
sively Australian,  is  represented  in  the  Stonesfield  Slate  by 
species  which  differ  little  from  those  now  existing. 

Another  singular  point  of  resemblance  is  established  by  the 
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occurrence  in  the  rivers  of  Queensland  of  the  "  Barramunda," 
which  is  referred  to  the  genus  Ceratodus — z.  genus  which,  though 
pre-eminently  Triassic,  nevertheless  extended  its  range  into 
the  Jurassic  period. 

Towards  the  close  of  the  Oolitic  period,  in  the  Middle  Pur- 
beck  beds,  we  have  evidence  of  a  number  of  small  Mammals,  all 
of  which  are  probably  referable  to  the  Marsupialia,  Fourteen 
species  are  known,  all  of  small  size,  the  largest  being  no  bigger 
than  a  polecat  or  hedgehog.  The  genera  to  which  these  little 
quadrupeds  have  been  referred  are  Flagiauiax,  Spalacotheriumy 
TriconodoHy  and  Galestes.  The  first  of  these — viz.,  Plagiaulax 
(fig.  340,  4) — is  believed  to  be  most  nearly  allied  to  the  living 
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Fig.  340.— Oolitic  Mammals,  natural  size.    i.  Lower  jaw  and  teeth  of  PhaxohtheriMm; 
3.  of  Tricffftadffn;  3.  of  Am^kitheriMm  ;  4.  clL Plagiaulax. 


Kangaroo-rats  (Hypsiprymnus)  of  Australia ;  and  it  is  held  by 
good  authorities  to  have  been  phytophagous,  as  are  its  living 
relatives.  Professor  Owen,  on  the  other  hand,  maintains  that 
Plagiaulax  was  carnivorous.  The  remaining  three  genera — 
viz.,  Spalacotheriumj  JViconodon  (fig.  340,  2),  and  GaUstes — ^ap- 
pear  to  have  been  certainly  insectivorous,  and  find  their  nearest 
living  allies  in  the  Australian  Phalangers  and  the  American 
Opossums. 

In  the  older  Tertiary  Rocks  the  remains  of  Marsupials  are 
not  abundant  In  the  Eocene  Tertiary  (Gypseous  series  of 
Montmartre),  however,  occurs  an  Opossum,  which  is  very 
closely  allied  to  the  existing  American  forms,  and  which  has 
been  named  the  Didelphys  Gypsorum,  Other  species  of  the 
same  genus  have  also  been  discovered  in  deposits  of  Miocene 
age. 

In  the  later  Tertiary  and  Post-tertiary  period  the  order  of 
the  Marsupialia  is  represented  by  some  very  remarkable  forms. 
The  remains  in  question  have  been  found  in  the  bone-caves  of 
Australia — ^the  country  in  which  Marsupials  now  abound  above 
every  other  part  of  the  globe ;  and  they  show  that  Australia, 
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at  no  distant  geological  period,  possessed  a  Marsupial  fauna, 
much  resembling  that  which  it  has  at  present,  but  compara- 
tively of  a  much  more  gigantic  size.  In  the  remains  from  the 
Australian  bone-caves,  almost  all  the  most  characteristic  living 
Marsupials  of  Australia  and  Van  Diemen's  Land  are  repre- 
sented ;  but  the  extinct  forms  are  usuaOy  of  much  greater  size. 
We  have  Wombats,  Phalangers,  Flying  Phalangers,  and  Kan- 
garoos, with  carnivorous  Marsupials  resembling  the  recent 
Thylacinus  and  Dasyurus.  The  two  most  remarkable  of  these 
extinct  fonns  are  Diprotodon  and  ThyiacoUo.  In  most  essen- 
tial respects  Diprotodon  resembled  the  Kangaroos,  the  denti- 
tion, especially,  showing  many  points  of  afhnily.  The  hind- 
limbs,  however,  of  Diprotodon 
were  by  no  means  so  dispro- 
portionately long  as  in  the 
Kangaroos.  In  size,  Dipro- 
todon must  have  many  times 
exceeded  the  largest  of  the 
living  Kangaroos,  since  the 
skull  measures  three  feet  in 
length  (fig.  341). 
Fij.  34i.-si«iUofZ*<>BiM'mi^«(™/<».  Smaller  than  Diprotodon  \s 
Nototherium,  a  genus  which  is 
also  most  nearly  allied  to  the  living  Kangaroos. 

Thylacolo)  (fig.  342),  like  P/agiauiax,  is  in  a  disputed  posi- 


Tig.  341.— Skull  at  TlgilaaUa.    PoM-Tcnurr  depouU  oT . 
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tion.  By  Professor  Owen  it  is  regarded  as  being  strictly  car- 
nivorous, and  as  finding  its  nearest  living  ally  in  the  Thylacine. 
The  great  feature  in  the  dentition  is  the  presence  in  eiUier  jaw 
of  one  huge,  compressed,  and  trenchant  praemolar.  This  is 
regarded  by  Owen  as  a  "  camassial ; "  but  Professor  Flower, 
with  greater  probability,  regards  it  as  corresponding  to  the 
great  cutting  prsemolar  of  the  Kangaroo-rats  (Hypsiprymtms\ 
a  view  which  is  further  borne  out  by  the  small  size  of  the 
canines  in  Thylacoleo,  Upon  the  whole,  therefore,  Flower 
concludes  that  "  Thylacoleo  is  a  highly-modified  and  aberrant 
form  of  the  type  of  Marsupials  now  represented  by  the  Macro- 
podida  and  Phalangistida,  though  not  belonging  to  either  of 
these  families  as  now  restricted,'*  and  he  believes  that  its  diet 
was  of  a  vegetable  nature.  Under  any  view  of  its  habits, 
Thylacoleo  is  a  very  remarkable  type  of  the  Marsupials ;  and  it 
must  have  attained  a  very  great  size,  since  the  length  of  the 
crown  of  the  great  praemolar  is  not  less  than  two  inches  and  a 
quarter. 

Order  III.  Edentata,  or  Brxjta. — ^The  lowest  order  of  the 
placental  or  monodelphous  Mammals  is  that  of  the  Edentatay 
often  known  by  the  name  of  Bruta,  The  name  Edentata  is 
certainly  not  an  altogether  appropriate  one,  since  it  is  only  in 
two  genera  in  the  order  that  there  are  absolutely  no  teeth. 
The  remaining  members  of  the  order  have  teeth,  but  these  are 
always  destitute  of  true  enamel,  are  never  displaced  by  a 
second  set,  and  have  no  complete  roots.  Further,  in  none  of 
the  Edentata  are  there  any  median  incisors,  and  in  only  one 
species  (one  of  the  Armadillos)  are  there  any  incisor  teeth  at 
all.  Canine  teeth,  too,  are  almost  invariably  wanting.  Cla- 
vicles are  usually  present,  but  are  absent  in  the  Scaly  Ant- 
eater  (Manis).  All  the  toes  are  furnished  with  long  and 
powerful  claws.  The  mammary  glands  are  usually  pectoral, 
but  are  sometimes  abdominal  in  position.  The  testes  are 
abdominal  in  position.  The  skin  is  often  covered  with  bony 
plates  or  homy  scales. 

The  order  Edentata  is  conveniently  divided  into  two  great 
sections,  in  accordance  with  the  nature  of  the  food,  the  one 
section  being  phytophagous,  the  other  insectivorous.  In  the 
former  section  is  the  single  group  of  the  Sloths  {Bradypodidcis. 
In  the  latter  are  the  two  groups  of  the  Armadillos  {Dasypodida)^ 
and  the  various  species  of  Ant-eaters  (the  latter  constituting 
Owen's  group  of  the  Edentuia). 

The  Edentates,  like  the  Marsupials,  are  singularly  circum- 
scribed at  the  present  dajr.  No  member  of  the  order  is  at  the 
present  time  indigenous  m  Europe.    Tropical  Asia  and  Africa 
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have  the  Scaly  Ant-eaters  or  Pangolins ;  and  in  A£ica  occurs 
the  Edentate  genus  Orycttropus,  South  America,  however,  is 
the  metropolis  of  the  Edentata,  the  order  being  there  repre- 
sented by  the  Sloths,  the  Annadillos,  and  the  true  Ant-eaters. 
It  is  also  in  South  America  that  by  far  the  greater  number  of 
extinct  Edentates  have  been  found ;  and,  as  in  the  case  of  the 
Australian  Marsupials,  the  fossil  fonns  are  gigantic  in  size 
as  compared  with  their  living  representatives. 

The  oldest  known  representative  of  the  Edemata  is  the 
MacrotheriuM  of  the  Miocene  Tertiary  of  France.  This  is  a 
gigantic  Edentate,  intermediate  in  some  respects  between  the 
Pangolins  (Afanis)  and  the  Aardwark  (Oryderopus).  There 
does  not  appear  to  have  been  any  dermal  armour,  and  the 
teeth  are  rootless  and  destitute  of  enameL  The  ungual  pha- 
langes are  bent  like  those  of  the  Pangolins,  and  the  animal 
doubtless  possessed  long  curved  claws.  From  the  Upper 
Miocene  of  Attica,  M.  Gaudry  has  also  described  a  gigantic 
Edentate,  allied  to  Macrotfierium,  and  larger  than  a  Rhino- 
ceros. The  name  assigned  to  this  singuUi  form  is  Ancylo- 
therium  PatlelUi. 

In  comparatively  recent  depodts  in  South  America  are 
found  remains  of  Edentates  corresponding  to  the  three  groups 
which  now  inhabit  that  continent — viz.,  the  Sloths,  Armadillo^ 
and  Hairy  Ant-eaters.  The  Sloths  {Bradypgdidd)  are  repre- 
sented in  the  Post-tertiary  deposits  of  South  America  by  a 
group  of  gigantic  forms,  the  most  important  of  which  belong 
to  the  genera  M^aihtrium,  Mylodtm,  and  Megaionyx. 

Megatherium  (fig.  343)  was  a  colossal  Sloth-like  Edentate, 
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which  attained  a  length  of  eighteen  feet,  with  bones  as  mas- 
sive as,  or  more  so  than,  those  of  the  Elephant.  The  jaws  are 
destitute  of  canine  and  incisor  teeth,  but  there  are  five  upper 
and  four  lower  molars  on  each  side.  All  the  molars  have  the 
form  of  quadrangular  prisms,  the  crowns  of  which  are  furnished 
with  well-marked  transverse  ridges  :  and  they  grew  from  per- 
manent pulps.  The  limbs  are  extremely  massive,  and  the 
pectoral  arch  has  a  clavicle.  The  digits  are  very  large  and 
strong,  and  some  of  them  are  furnished  with  well-developed 
claws.  The  tail  is  enormously  thick.  Unlike  the  living 
Sloths,  Mtgaiherium  must  have  been  terrestrial  in  its  habits, 
and  must  have  lived  upon  the  foliage  of  trees  which  it  up- 
rooted for  itself 

The  genus  Mylodon  comprises  large  Sloth-like  animals,  of 
which  the  best  known  is  the  Mylodon  robustus  (fig.  344).  In 
its  size,  Mylodon  robustus  was  smaller  than  the  Megatherium, 
but  it  resKJied  a  length  of  eleven  feet     In  many  respects 


Mylodon  is  very  like  M^atherium,  and  the  number  of  the 
teeth  is  the  same — viz.,  five  upper  and  four  lower  molars  on 
each  side.  The  crowns  of  ^e  molars,  however,  were  flat, 
instead   of  being  ridged      The   fore -feet  are   pentadacty- 
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lous,  and  the  posterior  tetradactylous,  the  two  external  digits 
being  nailless. 

M^alonyx,  unlike  the  preceding,  has  been  found  in  both 
N'orth  and  South  America.  It  has  the  same  number  of  teeth  as 
Megatherium  and  Mylodon,  but  the  crowns  of  these  are  exca- 
vated centrally  and  have  a  prominent  margin.  The  fore-limbs 
are  shorter  than  the  hind-limbs,  and  the  calcaneum  is  unusually 
long.     Megalonyx  was  probably  about  the  size  of  an  ox. 

Just  as  the  Sloths  of  the  present  day  were  fonneriy  repre- 
sented in  the  same  geographical  area  by  the  gigantic  Megathe- 
roids,  so  the  little  banded  and  cuirassed  Amiadillos  of  South 
America  were  formerly  represented  by  gigandc  species,  con- 
stituting the  genus  Glyplodon.  The  Glyptodons  (fig.  345) 
differed  from  the  living  Aimadillos  in  having  no  bands  in  their 
armour,  so  that  they  must  have  been  unable  to  roll  themselves 
up.  It  is  rare  at  the  present  day  to  meet  with  any  Armadillo 
over  two  or  three  feet  in  length ;  but  the  length  of  the  Glyptth 
don  clavipes,  from  the  tip  of  the  snout  to  the  end  of  the  tail, 
was  more  than  nine  feet 


There  are  no  canine  or  incisor  teeth  in  the  Glyptodon,  but 
there  are  eight  molars  on  each  side  of  each  jaw,  and  the  crowns 
of  these  are  fluted  and  almost  trilobed.  The  head  is  covered 
by  a  helmet  of  bony  plates,  and  the  trunk  was  defended  by  an 
armour  of  almost  hexagonal  bony  pieces  united  by  sutures,  and 
exhibiting  special  patterns  of  sculpturing  in  each  species.  The 
tail  was  also  defended  by  a  similar  armour,  and  the  vertebne 
were  mostly  fused  together  so  as  to  form  a  cylindrical  bony 
rod.  The  feet  are  massive,  and  the  ungual  phalanges  short  and 
compressed. 

Besides  the  various  species  of  Glyptodon,  South  America  has 
also  yielded  the  remains  of  several  tme  species  of  Dasypus, 
Dearly  allied  to  the  living  Armadillos.    These  have  been  found 
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in  the  ossiferous  caverns  of  Brazil ;  in  which  occur  also  other 
Edentates,  which  have  been  referred  to  separate  genera,  but  the 
affinities  of  which  are  somewhat  dubious. 


CHAPTER  XXXVII. 

ORDERS  OF  MAMMALIA— Continued, 

Order  IV.  Sirenia. — ^This  order  comprises  no  other  living 
animals  except  the  Dugongs  and  Manatees,  which  are  often 
placed  with  the  true  (^oceans  (Whales  and  Dolphins)  in  a 
common  order.  There  is  no  doubt,  in  fact,  but  that  the  Sirmia 
are  very  closely  allied  to  the  Cdaceay  and  though  they  are  to 
be  regarded  as  separate  orders,  yet  they  may  be  advantage- 
ously considered  as  belonging  to  a  single  section,  which  has 
been  called  MutikUa,  from  the  constant  absence  of  the  hind- 
limbs. 

The  Sirmia  agree  with  the  Whales  and  Dolphins  in  their 
complete  adaptation  to  an  aquatic  mode  of  life  (fig.  346); 
especially  in  the  presence  of  a  powerful  caudal  fin,  which  differs 
from  that  of  Fishes  in  being  placed  horizontally  and  in  being 
a  mere  expansion  of  the  integuments,  not  supported  by  bony 
rzys.  The  hind-limbs  are  wholly  wanting,  and  there  is  no  sa- 
crum. The  anterior  limbs  are  converted  into  swimming-paddles 
or  "  flippers."  The  snout  is  fleshy  and  well  developed,  and 
the  nostrils  are  placed  on  its  upper  surface,  and  not  on  the  top 
of  the  head,  as  in  the  Whales.  Fleshy  lips  are  present,  and 
the  upper  one  usually  carries  a  moustache.  The  skin  is  covered 
with  fleshy  bristles.  The  head  is  not  disproportionately  large, 
as  in  the  true  Whales,  and  is  not  so  gradually  prolonged  into 
the  body  as  it  is  in  the  latter.  There  may  be  only  six  cervical 
vertebrae.  The  teats  are  two  in  number  and  are  "  thoracic," 
— i^  ^.,  are  placed  on  the  chest  There  are  no  clavicles,  and 
the  digits  have  no  more  than  three  phalanges  each.  The  testes 
are  retained  throughout  life  within  the  abdomen,  but  vesiculse 
seminales  are  present.  The  animal  is  diphyodont,  the  perma- 
nent teeth  consisting  of  molars  with  flattened  crowns  adapted 
for  bruising  vegetable  food,  and  incisors,  which  are  present  in 
the  young  animal,  at  any  rate.  In  the  extinct  Rhytina  it  does 
not  appear  that  there  were  any  incisor  teeth. 

The  only  existing  Sirenia  are  the  Manatees  {Manatus)  and 

2D 
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the  Dugongs  {Halicore\  often  spoken  of  collectively  as  "  sea- 
cows/*  and  forming  the  family  of  the  Manatida. 


Fig.  346.— Sirenia.     Dugong  {Haiicort). 

The  most  important,  if  not  the  only,  fossil  remabs  which 
can  be  referred  with  certainty  to  the  Sirmia^  are  those  upon 
which  the  genus  Halitfieriutn  has  been  founded.  The  upper 
incisors  in  this  genus  are  tusk-like,  the  lower  incisors  small, 
and  the  molars  furnished  with  tubercular  crowns.  Halitherium 
appears  to  be  in  some  respects  intermediate  between  the 
Dugongs  and  Manatees ;  and  several  species  of  the  genus  are 
known,  ranging  from  the  Eocene  to  the  Pliocene  Tertiary. 

The  genus  Ddnotherium  referred  to  this  order  by  De  Blain- 
ville,  and  still  retained  in  this  position  by  Pictet,  will  be  here 
considered  as  belonging  to  the  order  of  the  Probosciden, 

Order  V.  Cetacea. — In  this  order  are  the  Whales,  Dol- 
phins, and  Porpoises,  all  agreeing  with  the  preceding  in  their 
complete  adaptation  to  an  aquatic  life.  The  body  is  com- 
pletely fish-like  in  form ;  the  anterior  limbs  are  converted  into 
swimming-paddles  or  "  flippers ; "  the  proximal  bones  of  the 
fore-limbs  are  much  reduced  in  length,  and  the  succeeding 
bones  are  shortened  and  flattened,  and  are  enveloped  in  a 
tendinous  skin,  thus  reducing  the  limbs  to  oar-like  fins ;  there 
are  no  external  ears ;  the  posterior  limbs  are  completely  absent; 
and  there  is  a  powerful,  horizontally-flattened,  caudal  fin,  some- 
times accompanied  by  a  dorsal  fin  as  well.  In  all  these  char- 
acters the  Cet<uea  agree  with  the  Sirenia^  except  in  the  one 
last  mentioned.  On  the  other  hand,  the  nostrils,  which  may 
be  single  or  double,  are  always  placed  at  the  top  of  the  head, 
constituting  the  so-called  "blow-holes"  or  "spiracles;"  and 
they  are  never  situated  at  the  end  of  a  snout  The  body  is 
very  sparingly  furnished  with  hairs,  or  the  adult  may  be  com- 
pletely hairless.  The  teats  are  two  in  number  and  are  placed 
upon  the  groin.  The  head  is  generally  of  disproportionately 
large  size,  and  is  never  separated  from  liie  body  by  any  distinct 
constriction  or  neck.    The  lumbar  region  of  the  spine  is  long. 
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and,  as  in  the  Sirenia,  there  is  no  sacram,  and  the  pelvis  is 
only  present  in  a  rudimentary  form.  There  are  no  clavicles, 
and  some  of  the  digits  may  possess  more  than  three  phalanges 
each.  Lastly,  the  adult  is  either  destitute  of  teeth  or,  with  ex- 
ception of  the  Zeuglodonts,  is  raonophyodont — that  is  to  say, 
possesses  but  a  single  set  of  teeth,  which  are  never  replaced  by 
others.  When  teeth  are  present,  they  are  usually  conical  and 
numerous,  and  they  are  almost  always  of  one  kind  only. 

The  Cettuiea  may  be  divided  into  the  two  sections  of  the 
Balanida,  comprising  only  the  "  Whalebone  Whales,"  in  which 
true  teeth  are  absent;  and  the  "Toothed  Whales"  or  Odonto- 
ceti,  comprising  the  living  families  of  the  Ddphinida  (Dolphins 
and  Porpoises),  the  Catodontida  (Sperm  Whales),  and  the  Rhyn- 
choceti  ("Zipluoid"  Whales),  with  the  extinct  family  of  the 
Zaiglodimtida. 


^■S'  347.— Skull  of  ihe  Kigbt  While  (.Salami  mfitkttta)—^ltit  Owen. 

Fam.  I,  Balanida. — The  Balanida  or  Toothless  Whales  are 
characterised  by  the  total  absence  of  teeth  in  the  adult  (fig. 
347),  Teeth,  however,  are  present  in  the  foetal  Whale,  but 
they  never  cut  the  gum.  The  place  of  teeth  is  supplied  by  a 
number  of  plates  of  whalebone  or  "  baleen  "  attached  to  the 
palate;  hence  the  name  of  "  Whalebone  Whales  "  often  given 
to  this  &mily.  They  are  the  largest  of  living  animals,  and  may 
be  divided  into  the  two  sections  of  the  Smooth  Whales,  in  which 
the  skin  is  smooth,  and  there  is  no  dorsal  fin  (as  in  the  Green- 
land Whale),  and  the  Furrowed  Whales,  in  which  the  skin  is 
furrowed,  and  a  dorsal  fin  is  present  (as  in  the  Sfxalled  Firmer 
Whales  and  Hump-backed  Whales). 

The  Balanida  are  of  little  geological  importance.  In  Plio- 
cene deposits  have  been  found  remains  referred  to  the  Rorquals; 
and  bones  of  the  Whalebone  Whales  have  also  been  found 
in  various  Post-Tertiaiy  accumulations.     It  is  probable,  like- 
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wise,  that  the  ear-bones  or  "cetotolites"  which  occur  in  the 
Red  Crag  (Pliocene)  are,  in  some  instances  at  any  rate,  refer- 
able to  members  of  the  Balcmida. 

Fam.  2.  Catodontida, — ^The  family  of  the  Caiodontida^  or 
Fhyseterida,  comprises  the  Sperm  Whales  or  Cachalots,  with 
which  we  commence  the  series  of  the  Toothed  Whales  {Odon- 
tocett).  They  are  characterised  by  the  fact  that  the  palate  is 
destitute  of  baleen  plates,  and  the  lower  jaw  possesses  a  series 
(about  fifty-four)  of  pointed  conical  teetii,  separated  by  inter- 
vals, and  sunk  in  a  common  alveolar  groove,  which  is  only  im- 
perfectly divided  by  septa.  The  upper  jaw  is  also  in  reality 
furnished  with  teeth — but,  with  a  single  partial  exception,  these 
do  not  cut  the  gum. 

Remains  of  Cachalots  {Physeter)  occur  in  the  Pliocene  and 
Post-Tertiary  deposits,  and  their  existence  has  even  been  indi- 
cated in  the  Miocene  Tertiary.  They  are,  however,  of  no 
special  importance. 

Fam,  3.  Delphinida, — ^This  family  includes  the  Dolphins, 
Porpoises,  and  Narwhal,  and  is  characterised  by  usually  pos- 
sessing teeth  in  both  jaws ;  the  teeth  being  numerous,  and 
conical  in  shape.  The  nostrils,  as  in  the  last  family,  are  united, 
but  they  are  placed  further  back,  upon  the  top  of  the  head. 
The  single  blow-hole  or  nostril  is  transverse  and  mostly  cres- 
centic  or  lunate  in  shape.  The  head  is  by  no  means  so  dispro- 
portionately large  as  in  the  former  families,  usually  forming 
about  one-seventh  of  the  entire  length  of  the  body. 


Fig.  348. — The  common  Dolphin  {Del/kinms  delpkiiy. 

The  genus  Delphintis^  comprising  the  common  Dolphins, 
appears  to  date  from  the  Miocene  Tertiary,  and  is  well  repre- 
sented in  deposits  6f  Pliocene  age.  In  Miocene  strata  also 
occur  the  Delphinoid  remains  which  have  been  referred  to  the 
genera  Stereodelphis  and  Champsoddphis. 

Fam,  4.  Rhynchocdu — ^This  family  is  allied  to  the  Cacha- 
lots or  Sperm  Whales,  and  includes  the  so-called  "  Ziphioid 
Whales."    They  are  distinguished  by  the  possession  of  a 
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pointed  snout  (the  "beak"  or  "rostrum"),  single  blow-hole, 
and  small  dorsal  fin  j  and  b^  their  dentition.  The  upper  jaw 
is  edentulous,  any  teeth  which  may  be  present  not  cutting  the 
gum.  The  lower  jaw,  on  the  other  hand,  possesses  usudlr  a 
single  pair  of  teeth,  which  are  sometimes  tusk-like,  but  which 
in  other  cases  are  concealed  by  the  gum. 

The  rostrum  of  these  Cetaceans  is  of  great  density,  and  has 
often  been  preserved  in  a  fossil  state,  usually  presenting  itself 
as  a  bony  cylinder  or  elongated  cone,  generally  more  or  less 
water-wom.  Upon  fossils  of  this  nature  have  been  founded 
the  genera  Chonezifhius  and  BeUmnosiphius,  both  of  which 
occur  in  the  so-called  "  Crags  "  (Pliocene).  The  genus  ZipAiut 
also  occurs  in  the  Crag,  but  unlike  the  preceding  it  is  repre- 
sented by  existing  species.  Besides  the  "beaks,"  some  fossil 
teeth  have  been  found,  which  may  perhaps  be  referable  to  mem- 
bers of  this  family. 

Fam.  5.  Zejiglodontida.—Th.i  members  of  this  family  differ 
from  all  existing  Odontoceti  in  the  possession  of  molar  teeth  im- 
planted by  two  distinct  fangs.  The  Zeuglodonts  are  entirely 
extinct,  and  they  are  exclusively  confined  to  the  Eocene,  Mio- 
cene, and  PHocene  periods.  The  chief  genera  are  Zaigbdm 
and  Squaiodon. 

Zeuglodon  (fig.  349)  is  distinguished  by  its  elongated  snout, 
conical  incisors,  and  molar  teeth  with  triangular  serrated 
crowns,  implanted  in  the  jaw  by  two  roots.    Each  molar  looks 


as  if  it  were  composed  of  two  separate  teeth  united  on  one  side 
by  their  crowns ;  and  it  is  this  peculiarity  which  is  expressed 
by  the  generic  name.  The  species  of  Zeuglodon  are  Eocene 
and  Miocene,  one  of  the  best  known  being  the  great  Z. 
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cdoides  of  the  Middle  Eocene  (Jackson  Beds)  of  the  United 
States,  which  attained  a  length  of  seventy  feet. 

By  Professor  Huxley,  Zeugiodon  is  regarded  as  intermediate 
between  the  true  Cetaceans  ^d  the  Carnivorous  family  of  the 
Seals.  On  this  point,  this  eminent  naturalist  remarks  : — "The 
skull  of  this  great  Eocene  sea-monster,  in  fact,  shows,  by  the 
narrow  and  prolonged  interorbital  region ;  the  extensive  union 
of  the  parieUl  bones  in  a  sagittal  suture ;  the  well-developed 
nasal  bones ;  the  distinct  and  large  incisors  implanted  in  prse- 
maxillary  bones,  which  take  a  full  share  in  bounding  the  fore- 
part of  the  gape ;  the  two-fanged  molar  teeth  with  triangular 
and  serrated  crowns,  not  exceeding  five  on  each  side  in  each 
jaw ;  and  the  existence  of  a  deciduous  dentition, — ^its  close  re- 
lation with  the  Seals.  While,  on  the  other  hand,  the  produced 
rostral  form  of  the  snout,  the  long  S3miphysis,  and  the  low  cor- 
onary process  of  the  mandible,  are  approximations  to  the 
Cetacean  form  of  those  parts." 

The  genus  Squalodon  is  nearly  related  to  Zeugiodon^  but  the 
teeth  are  more  numerous ;  and  the  double-fanged  molars  are 
more  compressed  and  p3rramidal  in  form.  "  The  nasal  bones 
are  very  short,  and  the  upper  surface  of  the  rostrum  presents 
the  groove,  filled  up  during  Hfe  by  the  prolongation  of  the  eth- 
moidal cartilage,  which  is  so  characteristic  of  the  majority  of 
Cetaceans  "  (Huxley).  The  species  of  Squalodon  all  belong 
to  the  Miocene  and  Pliocene  Tertiary. 

The  genus  Saurocdes  has  been  founded  for  the  reception  of 
another  Zeuglodont,  in  which  there  were  double-fanged  teeth 
with  conoid  crowns.  The  remains  on  which  this  genus  are 
based,  are  from  strata  of  Tertiary  age,  near  Buenos  Ayres,  and 
they  indicate  an  animal  much  smaller  than  the  true  Zeuglodons. 

Lastly,  it  would  appear  probable  that  the  genus  Bakenodan^ 
founded  upon  teeth  from  the  Red  Crag  (Pliocene),  is  really  re- 
ferable to  this  family,  and  probably  to  the  genus  Squalodon, 
In  part,  however,  teeth  of  Ziphioid  Whales  have  also  been  in- 
cluded under  this  title.  By  Owen  Bakenodon  is  regarded  as 
comprising  teeth  of  a  Cetacean  nearly  allied  to  the  living 
Sperm  Whale. 


nvwai 
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CHAPTER  XXXVIII. 

ORDERS  OF  MAMMALIA'-Continued. 

Order  VI.  Ungulata. — ^The  order  of  the  Ungulata^  or 
Hoofed  Quadrupeds,  is  one  of  the  largest  and  most  important 
of  all  the  divisions  of  the  Mammalia.  It  comprises  three 
entire  old  orders — ^namely,  the  Pachydermata^  Solidunguia,  and 
Ruminantia. 

The  first  of  these  old  divisions — that  of  the  Pachydermata — 
included  the  Elephants,  Rhinoceros,  Hippopotamus,  Tapirs, 
and  the  Pigs,  all  characterised,  as  the  name  implies,  by  Uieir 
thick  integuments.  The  name  is  still  used  to  express  this  fact, 
though  the  order  is  now  abandoned,  and  is  merged  with  that 
of  the  Ungulata;  the  Elephants  alone  being  removed  to  a 
separate  order  under  the  name  oi  Proboscidea, 

The  second  old  order — ^that  of  the  Solidungula  or  Solipedes 
— ^included  the  Horse,  Zebra,  and  Ass,  all  characterised  by  the 
fact  that  the  foot  terminates  in  a  single  toe,  encased  in  an 
expanded  hoof.  The  name  Solidungida  is  still  retained  for 
these  animals,  as  a  section  of  the  Ungulata. 

The  third  old  order — that  of  the  Ruminantia — ^includes  all 
those  animals,  such  as  Oxen,  Sheep,  Goats,  Camels,  Giraffes, 
Deer,  and  others,  which  chew  the  cud  or  ''  ruminate,"  and  have 
two  functional  toes  to  each  foot,  encased  in  hoofs.  The  name 
Ruminantia  is  still  retained  for  these  animals,  as  constituting 
a  most  natural  group  of  the  Ungulata, 

All  these  various  animals,  then,  are  now  grouped  together 
into  the  single  order  of  the  Ungulata^  or  Hoofed  Quadrupeds, 
and  the  following  are  the  characters  of  the  order : — 

All  the  four  limbs  are  present,  and  that  portion  of  the  toe 
which  touches  the  ground  is  always  encased  in  a  greatly-ex- 
panded nail,  constituting  a  "hoof."  There  are  never  more 
than  four  full-sized  toes  to  each  limb.  Owing  to  the  encase- 
ment of  the  toes  in  hoofs,  the  limbs  are  useless  for  prehension, 
and  only  subserve  locomotion ;  hence  clavicles  are  always  want- 
ing in  the  entire  order.  There  are  always  two  sets  of  enamelled 
teeth,  so  that  the  animal  is  diphyodont.  The  molar  teeth  are 
massive  and  have  broad  crowns,  adapted  for  grinding  vegetable 
substances. 

The  order  Ungulata  is  divided  into  two  primary  sections : — 
the  Perissodactylay  in  which  the  toes  or  hoofs  are  odd  in  num- 
ber (one  or  three),  and  the  Artiodactyhy  in  which  the  toes  are 
even  in  number  (two  or  four). 


I 
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Section  A.  Perissodactyla. — ^The  section  of  the  Perissth 
dadyle  Ungulates  includes  the  Rhinoceros^  the  Tapirs,  the 
Horse  and  its  allies,  and  some  extinct  fonns,  all  agreeing  in 
the  following  characters : — 

The  hind-feet  are  odd-toed  in  all,  and  the  fore-feet  in  all 
except  the  Tapirs.  The  dorso-lumbar  vertebrae  are  never  less 
than  twenty-two  in  number.  The  femur  has  a  third  trochanter. 
The  horns,  if  present,  are  not  paired.  Usually  there  is  only 
one  horn,  but  if  there  are  two,  these  are  placed  in  the  middle 
line  of  the  head,  one  behind  the  other.  In  neither  case  are 
the  horns  ever  supported  by  bony  hom-cores.  The  stomach 
is  simple,  and  is  not  divided  into  several  compartments ;  and 
there  is  a  lai^e  and  capacious  caecum. 

The  three  existing  genera  of  Perissodactyle  Ungulates — 
namely,  the  Horse,  Tapir,  and  Rhinoceros,  are  widely  removed 
from  one  another  in  many  important  characters ;  but  the  inter- 
vals between  them  are  filled  up  by  an  extensive  series  of  fossil 
foims,  commencing  in  the  Lower  Tertiary  Strata. 

Fam,  I.  Rhinocerida, — This  family  comprises  only  a  single 
genus,  the  genus  Rhinoceros,  The  Rhinoceroses  are  extremely 
large  and  bulky  brutes,  having  a  very  thick  skin,  which  is 
usually  thrown  into  deep  folds.    The  muzzle  is  rounded  and 

7 — 7 
blunt,  and  there  are  ^ — z  molars,  with  tuberculate  crowns. 

7 — 7 
There  are  no  canines,  but  there  are  usually  incisor  teeth  in  both 

jaws.  The  skull  is  pyramidal,  and  the  nasal  bones  are  enor- 
mously developed.  The  feet  are  furnished  with  three  toes  each, 
encased  in  hoofs.  The  nasal  bones  usually  support  one  or  two 
horns,  which  are  not  paired.  The  horn  is  composed  of  longi- 
tudinal fibres,  which  are  agglutinated  together,  and  are  of  die 
nature  of  epidermic  growths,  somewhat  analogous  to  hairs. 
When  two  horns  are  present,  the  hinder  one  is  carried  by  the 
frontal  bones,  and  is  placed  in  the  middle  line  of  the  head 
behind  the  anterior  horn.  The  posterior  horn  is  usually  much 
shorter  than  the  anterior  one,  and  if  not,  it  differs  in  shape. 
The  Rhinoceroses  live  in  marshy  places,  and  subsist  chiefly  on 
the  foliage  of  trees.  They  are  exclusively  confined  at  the  pre- 
sent day  to  the  warmer  parts  of  the  Old  World ;  but  an  extinct 
species  {Rhinoceros  tichorhinus)  formerly  inhabited  England, 
and  ranged  over  the  greater  part  of  Europe. 

The  fossil  species  of  Rhinoceros  are  numerous,  commencing 
in  the  Miocene  Tertiary,  and  ranging  through  the  Pliocene 
and  Post-Pliocene  deposits.  The  species  of  Rhinoceros  may 
be  divided  into  groups,  as  follows : — 

I.  Those  in  which  the  nostrils  are  separated  by  a  bony  sep- 
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turn  ("  cloison  "),  and  the  indsor  teeth  are  wanting  in  the  adult 
(£.  tuAorkmus). 

2.  Those  m  which  there  is  no  bony  partition  between  the 
nostrils,  and  the  incisors  are  of  medium  size  (Rkmoaro$  m^ga- 
rhinus). 

3.  Those  in  which  there  is  no  "cloison,"  and  the  incisors 
are  of  large  size  (R/anocer&s  ineisivus). 

4.  Those  in  which  there  is  an  imperfect  bony  partition  be- 
tween the  nostrils  {Rhiaoceras  Etruscus  and  R.  hemUachus). 

The  most  important  extinct  fonns  of  the  genus  Rhinoceros 
are  the  R.  tkhorhinus,  R.  mcgarhinus,  R.  Aemiiachus  (  =  R. 
ieptorhimts,  Owen),  R.  Etruscus,  and  the  hornless  species  con- 
stituting the  Bub^nus  Acerotherium. 

The  Rhinoceros  tichorhinus  is  generally  known  as  the 
"  Woolly  Rhinoceros,"  from  its  possession  of  a  woolly  cover- 
ing. Its  skin  was  foldless,  and  it  possessed  two  horns,  of 
which  the  anterior  one  was  very  large.  The  hmbs  are  ex- 
tremely stout,  and  the  nostrils  are  completely  separated  by  an 
osseous  septum.  R.  tichorhinus  is  essentially  a  northern  fonn, 
and  has  the  same  distribution  in  spaa  as  the  Mammoth,  except 
that  it  did  not  cross  Behring  Straits,  and  is  therefore  not 
found  in  America.  In  time,  it  is  younger  than  the  Mammoth, 
not  being  found  in  the  pras-glacial  forest-bed  of  Norfolk,  and 
occurring  for  the  first  time  in  the  Lower  Brick-earths  of  the 
Thames  valley  fpne-glacial,  but  younger  than  the  "forest- 
bed").  It  is,  therefore,  essentially  a  Post-glacial  Mammal, 
and  it  is  mainly  found  in  quatemaiy  cave-deposits  and  valley- 
gravels.  A  molar  tooth  of  this  well-known  fonn  is  figured 
below  (fig.  351). 


two-thirda  of  tha  EUIunl  liie.    Poi 
FLIdccdb. 


The  Rhinoceros  hanUcechus  of  Falconer  ( =  the  R.  leptorhinus 
of  Owen)  is  also  provided  with  two  horns,  but  is  of  a  much 
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more  slender  build  than  the  Tichorhine  form.  The  nasal 
bones  are  slender,  and  the  nostrils  are  separated  by  a  partially- 
ossified  septum.  The  adult  animal  possesses  neither  incisor 
nor  canine  teeth.  Like  the  preceding,  jR.  hemiiachus  is  ex- 
clusively Post-Pliocene  in  its  distribution,  and  is  found  in 
cave-deposits  and  in  the  Thames-valley  Brick-earths. 

The  Rhinoceros  megarhinus  of  Christol  ( =  the  R.  leptorhinus 
of  Cuvier  and  Falconer)  is  also  bicom,  and  resembles  R.  hemi- 
tachus  in  being  of  comparatively  slender  build.  It  is  dis- 
tinguished, however,  by  the  enormous  development  of  the 
nasal  bones  and  the  absence  of  the  "  cloison  "  or  bony  parti- 
tion between  the  nostrils.  This  form  (fig.  350)  is  found  in  the 
Pliocene  beds  of  Italy  and  France,  and  also  occurs  in  the 
prae-glacial  forest-bed  of  Cromer  and  the  Lower  Brick-earths 
of  the  Thames  valley. 

Rhinoceros  Etruscus  is  also  bicom,  and  has  the  nostrils  par- 
tially separated  by  a  "  demi-doison  "  or  incomplete  bony  par- 
tition, which  "strengthened  the  basement  of  the  anterior  horn." 
This  species  is  found  in  deposits  of  Pliocene  age,  and  occurs 
also  in  the  Post-Pliocene  (as  in  the  Cromer  forest-bed). 

In  the  Miocene  period  occur  various  remains  of  hornless 
species  of  Rhinoceros,  which  have  often  been  united  into  a 
separate  genus,  or  sub-genus,  under  the  name  of  Acerotherium, 
Some  of  these  forms  have  all  the  feet  three-toed,  and  they 
constitute  the  Rhinoceros  incisivus  of  Cuvier.  The  typical 
species  oi  Acerotheriutn^  on  the  other  hand,  are  stated  to  agree 
with  the  living  Tapirs  in  having  the  fore-feet  four- toed. 

Fam.  2.  Tapiridce. — The  Tapirs  are  characterised  by  the 
possession  of  a  short  movable  proboscis  or  trunk.  The  skull 
is  pyramidal,  and  the  nasal  bones  project  over  the  nasal  cavity. 
The  skin  is  hairy  and  very  thick.  The  tail  is  extremely  short 
The  fore-feet  havey^»r  toes  each,  but  these  are  unsymmetrical, 
and  the  hind-feet  have  only  three  toes,  all  encased  in  hoofs. 

The  jaws  are  furnished  with  incisor  teeth,  ic~Z~^i  small  can- 

7 — 7 
ines,  and  r ^  molars. 

The  genus  Tapirus^  including  the  existing  Tapirs,  appears  for 
the  first  time  in  deposits  of  Miocene  age,  and  is  represented 
by  various  species  in  Pliocene  and  Post-Pliocene  strata.  The 
genus  Lophiodon  comprises  Tapiroid  Ungulates,  which  are 
essentially,  if  not  exclusively,  of  Miocene  age.  They  differ 
from  the  Tapirs  almost  solely  in  the  characters  of  some  of  the 
molar  and  praemolar  teeth.  Lastly,  the  genus  Coryphodon, 
likewise  nearly  related  to  the  Tapirs,  is  found  exclusively  in 
the  Eocene  Tertiary. 


' 
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Fam.  3.  Paiaotherida, — This  family  includes  certain  ex- 
tinct Ungulates  from  the  Eocene  and  Miocene  Tertiary.  They 
are  characterised  by  the  possession  of  three  toes  to  all  the  feet, 
by  having  canines,  and  by  the  fact  that  the  lower  molars  have 
a  doubly  crescentic  form.  The  canines  are  longer  than  the 
other  teeth,  and  the  dental  formula  is — 

.3—3        I— I      ^u-4— 4        3—3 

t — =- ;  c ;  ^ ;  m:~ — -  =  44. 

3—3        I— I  4—4        3—3 

The  chief,  if  not  the  only,  genus  in  this  family  is  Palaotherium 
itself.  Several  species  of  this  genus  are  known,  varying  in  size 
from  a  sheep  up  to  a  horse.  From  the  size  and  form  of  the 
nasal  bones,  it  is  deduced,  with  great  probability,  that  the  Palae- 
othere  possessed  a  short  movable  proboscis  or  trunk  (fig.  352). 


Fig.  35a. — Outline  of  PaUeotktrium  magnum,  restored,  after  Cuvier.    Upper  Eocene. 

All  the  known  species  of  Palaotherium  are  Eocene  or  Miocene, 
and  the  genus  attained  its  maximum  in  the  former  period. 

Fam,  4.  Solidungula  or  Equida. — ^This  family  comprises  the 
Horses,  Asses,  and  Zebras,  characterised  by  the  fact  that  the 
feet  have  only  a  single  perfect  toe  each,  enclosed  in  a  single 
broad  hoof.  There  is  a  discontinuous  series  of  teeth  in  each 
jaw;  and  in  the  males,  canines  are  present,  but  these  are 
wanting  in  the  females.     The  dental  formula  is — 

.3—3       I— I      ,     3—3       3—3 
3—3        I— I  3—3        3—3 

The  skin  is  covered  with  hair,  and  the  neck  is  furnished  with 
a  mane. 
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Three  fossil  genera  of  this  &mily  are  known — viz.,  AndU- 
therium^  Hipparum^  2xAEquuSy  the  last  of  which  is  represented 
at  the  present  day  by  the  existing  Horses,  Asses,  and  Zebras. 

Anchitherium  comprises  some  singular  forms  f^om  the  Upper 
Eocene  and  Lower  Miocene.  In  this  genus  each  foot  is  fur- 
nished with  a  single  functional  hoofed  toe,  flanked  by  two 
small  hoofed  digits,  which  are  sufficiently  developed  to  touch 
the  ground.     Anchitherium  is  nearly  related  to  Palaotherium, 

Hipparion  is  confined  to  the  Upper  Miocene  and  Pliocene 
deposits,  and  is  distinguished  by  the  fact  that  each  foot  pos- 
sessed a  single  fully-developed  toe,  bordered  by  two  function- 
ally useless  toes,  which  did  not  touch  the  ground,  but  simply 
dangled  on  each  side  of  the  central  toe. 

In  the  genus  Equtis^  the  foot  consists  of  a  single  developed 
toe,  but  there  are  two  rudimentary  toes  in  the  form  of  litde 
bony  spines — the  so-called  "  splint-bones  " — which  are  attached 
to  the  carpus  on  either  side  of  the  metacarpal  of  the  single 
functional  toe.  In  the  Pliocene  period  appear,  for  the  first 
time,  remains  of  horses  which,  like  the  present  form,  possessed 
only  a  single  toe  encased  in  a  single  hoof.  It  is  interesting  to 
observe  that  one  of  the  Pliocene  horses  {Equus  curvidms) 
occurs  in  South  America,  though  this  continent  certainly  pos- 
sessed no  native  horse  at  the  time  of  its  discovery  by  the 
Spaniards.  About  twenty  horses— one  of  them  standing  no 
more  than  two  and  a  half  feet  in  height — ^have  been  described 
from  North  America,  in  which  continent  no  indigenous  horse 
existed  at  the  time  of  its  discovery.  The  Equus  fossilis  of  the 
Post-Pliocene  and  Recent  deposits  is  specifically  undistinguish- 
able  from  the  common  horse  (Equus  cdbaUus), 

Section  B.  Artiodactyla. — In  this  section  of  the  Ungu- 
lates the  number  of  the  toes  is  even — either  two  or  four — and 
the  third  toe  in  each  foot  forms  a  symmetrical  pair  with  the 
fourth.  The  dorso-lumbar  vertebrae  are  nineteen  in  number, 
and  there  is  no  third  trochanter  on  the  femur.  If  true  horns 
are  present,  these  are  always  in  pairs,  and  are  supported  by 
bony  horn-cores.  The  antlers  of  the  Deer  are  also  paired,  but 
they  are  not  to  be  regarded  as  true  horns.  The  stomach  is 
always  more  or  less  complex,  or  is  divided  into  separate  com- 
partments, and  the  caecum  is  comparatively  small  and  simple. 

The  section  Artiodactyla  comprises  the  Hippopotamus,  the 
Pigs,  and  the  whole  group  of  the  Ruminants,  including  Oxen, 
Sheep,  Goats,  Antelopes,  Camels,  Llamas,  Giraffes,  Deer,  &c. 
Besides  these  there  is  an  extensive  series  of  fossil  forms  com- 
mencing in  the  Eocene  or  Lower  Tertiaiy  period,  and  in  many 
respects  filling  up  the  gaps  between  the  living  forms. 
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The  group  of  the  Artiodactyle  Ungulates  may  be  divided 
into  two  sectioDS  tenned  respectively  Omnivora  and  Rumi- 
nantia,  according  as  they  live  upon  a  miscellaneous  (but  chiefly 
vegetable)  diet,  or  are  exclusively  vegetable-feeders  and  chew 
the  cud.  In  tiie  fonner  are  the  living  families  of  the  Hippo- 
pofamida  and  Suida  (Swine),  with  the  extinct  group  of  the 
Aneplotheridz.  In  the  latter  are  the  CamdtdtE,  Mosdiida 
(Musk-deer),  Cervida  (Deer),  Canulopardaiida  (Giraffes),  and 
Cavicomia  (Antelopes,  Sheep,  Goats,  and  Oxen). 

OMNIVORA. 

I.  Hippopotamidas. — This  group  contains  only  the  single 
genus  Hippopotamus,  characterised  by  the  massive  heavy  body, 
the  short  blunt  muzzle,  the  large  head,  and  the  presence  of 

teeth  of  three  kinds  in  both  jaws.    The  incisors  are  —^'i  the 

canines  extremely  large,  ^^,  and  the  molars,  'nl.  or  - — ■„ 
I— I  7—7       6—6' 

with  crowns  adapted  for  grinding  vegetable  substances.  The 
upper  canines  are  short,  but  the  lower  canines  are  in  the  form 
of  enormous  tusks,  with  a  chisel-shaped  edge.  The  feet  are 
massive,  and  are  terminated  by  four  hoofed  toes  each.  The 
eyes  and  ears  are  small,  and  the  skin  is  extremely  thick,  and 
is  furnished  with  few  hairs.    The  tail  is  very  short 

Several  extinct  species  of  Hippopotamus  are  known,  but 
there  is  only  one  well-established  living  form,  the  Hippopo- 
tamus amphibius  or  River-horse,  and  this  is  confined  to  the 
African  continent 

The  genus  Hippopotamus  may  be  divided  into  two  sub- 
genera, in  accordance  with  the  number 
of  the  incisor  teeth.  In  the  sub-genus 
Tetraprotodon,  comprising  the  living 
Species  and  most  of  the  fossil  forms, 
there  are  four  incisors  in  each  jaw.  In 
the  sub-genus  Hexaprotodon,  compris- 
ing several  Miocene  species  from 
India,  there  are  six  incisors  in  each 
jaw. 

The  best-known  fossil  species  of 
Hippopotamus  in  Europe  is  the  H.      FiK.35}.-Haiiru»thof^^ 
major,  which  is  found  both  in  Pliocene    ^^ST-iS.  "^wU^ 
and  m  Post-Tertiary  deposits.    This 

species  is  very  nearly  allied  to  the  living  H.  amphibius;  but  it 
extended  its  range  over  the  whole  of  the  south  of  Europe. 
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In  the  Tertiary  deposits  of  the  Siwalik  Hills  in  India  (Mio- 
cene) have  been  discovered  several  species  of  Hippopotamus, 
belonging  to  the  sub-generic  type,  Hexaprotodan, 

2.  Suida, — ^The  group  of  the  Suida,  comprising  the  Pigs, 
Hogs,  and  Peccaries,  is  very  closely  allied  to  the  preceding  \ 
but  the  feet  have. only  two  functional  toes,  the  other  two  toes 
being  much  shorter,  and  hardly  touching  the  ground.  All  the 
three  kinds  of  teeth  are  present,  but  they  vary  a  good  deal. 
The  canines  always  are  veiy  large,  and  in  the  males  they  usu- 
ally constitute  formidable  tusks  projecting  from  the  sides  of 
the  mouth.  The  incisors  are  variable,  but  the  lower  ones  are 
always  inclined  forwards.     The  molars  vary  from  three  to 

seven  on  each  side  of  the  mouth  (^     ^  or  *     *\    The  stom- 

3--3       7—7 
ach  is  mostly  slightly  divided,  and  is  not  nearly  so  complex  as 

in  the  Ruminants.  The  snout  is  truncated  and  cylindrical, 
fitted  for  turning  up  the  ground,  and  is  capable  of  consider- 
able movement  The  skin  is  more  or  less  abundantly  covered 
with  hair,  and  the  tail  is  very  short,  or  represented  only  by  a 
tubercle. 

The  most  important  genera  of  the  Suida  are  Sus  (Pigs), 
Dicotyles  (Peccaries),  Chiropotatntis,  HyopotamuSy  and  Anthra- 
cotherium,  of  which  tiie  three  last  are  extinct. 

The  genus  Sus,  comprising  the  true  Pigs,  appears  to  have 
commenced  its  existence  in  the  Miocene  Tertiary.  Several 
species  are  known  from  Pliocene  deposits ;  and  the  Wild 
Boar  {Sus  scrofa)  has  been  found  in  Post-Pliocene  accumula- 
tions (commencing  in  the  prae-glacial  forest-bed  of  Norfolk). 

The  genus  Dicotyles,  comprising  the  existing  Peccaries,  is 
at  present  confined  to  the  American  continent  The  same 
country  also  has  )delded  five  fossil  species,  which  have  been 
found  in  the  bone-caves  of  Brazil,  and  two  of  which  appear  to 
have  been  much  larger  than  the  living  forms. 

Chceropotamus  comprises  some  Upper  Eocene  Suida,  which 
possess  seven  molars  on  each  side  of  each  jaw,  the  first  of 
these  (praemolars)  being  compressed,  whilst  the  others  are 
tuberculate.  The  canines  are  short,  and  are  not  exserted,  as 
they  are  in  the  Wild  Boar.  Hyopotamus  is  another  genus,  in 
which  the  canines  are  short  All  the  species  of  this  latter 
genus  belong  to  the  Upper  Eocene  and  Lower  Miocene  Ter- 
tiary. Lastly,  the  genus  Anthracotherium  is  nearly  allied  to 
CluBropotamus,  with  which  it  agrees  in  the  number  and  general 
form  of  the  praemolar  and  molar  teeth.  All  the  known  species 
of  this  genus  belong  to  the  liOwer  Miocene. 

3.  Anoplothtrida. — Forming  a  kind  of  transition  between 
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the  Swine  and  the  true  Ruminants,  is  the  extinct  group  of  the 
Anoploiherida,  from  the  Lower  Tertiary  Rocks.  The  Anoflo- 
iJteria  (fig.  354)  were  slender  in  fonn,  with  long  tails,  and  feet 
terminated  by  two  hoofed  toes  each,  sometimes  with  small 
accessory  hoofs.  The  dentition  consisted  of  six  incisors  in 
each  jaw,  small  canines  not  larger  than  the  incisors,  and  seven 
molars  on  each  side,  there  being  no  interval  or  diastema  be- 
tween the  molars  and  the  canines. 


There  was  thus  a  coiUinuous  series  of  teedi  in  each  jaw,  the 
dental  formula  being — 


^  P  :  /« 


/3=r3:    . _,    „.       _  ^ 

4—4  3—3 

The  most  important  genera  of  this  family  are  Anoplotkerium 
and  Xip/wdon  of  the  Upper  Eocene,  Chalicoiherium  of  the 
Miocene,  and  Dieh<^ne  of  the  Middle  Eocene ;  but  many  less 
important  genera  are  known. 

RUMINAKTIA. 

The  last  section  of  the  AriiodactyU  Ungulates  is  the  great 
and  natural  group  of  the  RuminarUia,  or  Ruminant  animals. 
This  section  comprises  the  Oxen,  Sheep,  Antelopes,  Giraffes, 
Deer,  Camels,  &c.,  and  is  distinguished  by  the  following  char- 
acters :— 

The  foot  is  what  is  called  "  cloven,"  consisting  of  a  symmet- 
rical pair  of  toes  encased  in  hoofs,  and  looking  as  if  produced 
by  the  splitting  into  two  equal  parts  of  a  single  hoof.  In  addi- 
tion to  Uiese  fiinctional  toes,  there  are  usually  two  smaller  sup- 
plementary hoofs  placed  at  the  back  of  the  foot  The  meta- 
carpal bones  of  the  two  functional  toes  of  the  fore-limb,  and 
the  metatarsal  bones  of  the  same  toes  of  the  hind-hmb,  coalesce 
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to  form  a  single  bone,  known  as  the  "  canon-bone."  The 
stomach  is  complex,  and  is  divided  into  several  compartments, 
this  being  in  accordance  with  their  mode  of  eating.  They  all, 
namely,  ruminate  or  "  chew  the  cud  " — that  is  to  say,  they  first 
swallow  their  food  in  an  unmasticated  or  partially-masticated 
condition,  and  then  bring  it  up  again,  after  a  longer  or  shorter 
time,  in  order  to  chew  it  thoroughly. 

The  dentition  of  the  Ruminants  presents  peculiarities  almost 
as  great  and  as  distinctive  as  those  to  be  derived  from  the  di- 
gestive system.  In  the  typical  Ruminants  (e.^.,  Oxen,  Sheep, 
Antelopes),  there  are  no  incisor  teeth  in  the  upper  jaw,  their 
place  being  taken  by  a  callous  pad  of  hardened  gum,  against 
which  the  lower  incisors  impinge  (fig.  355).    There  are  also  no 


Vig.  jjS'— Skull oTahDmlHsSheqi (after  Owen),    ilnci 


upper  canine  teeth,  and  the  only  teeth  in  the  upper  jaw  are  six 
molars  on  each  side.  In  the  front  of  the  lower  jaw  is  a  con- 
tinuous and  uninterrupted  series  of  eight  teeth,  of  which  the 
central  six  are  incisors,  and  the  two  outer  ones  are  regarded  by 
Owen  as  being  canines.  Upon  this  view,  canine  teeth  are  pre- 
sent in  the  lower  jaw  of  the  typical  Ruminants,  and  they  are 
only  remarkable  for  beiog  placed  in  the  same  series  as  the  in- 
cisors, which  they  altogeflier  resemble  in  shape,  size,  and  direc- 
tion. Behind  this  continuous  series  of  eight  teeth  in  the  lower 
jaw  there  is  a  vacant  space,  which  is  followed  behind  by  six 
molars  on  each  side. 
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The  dental  formula,  then,  for  a  typical  Ruminant  animal  is — 
0—0        0—0      .      3—3       3—3 

^ ":; — ;  J   ^ ; — ;  J  P^  "', — ; ;  ^  ^ — ^  =  32. 

3 — 3        i — I  3 — 3        3 — 3 

The  departures  from  this  typical  formula  occur  in  the  CamelidcB^ 
the  Moschida,  and  in  some  of  the  Deer.  Most  of  the  Deer  con- 
form in  their  dentition  to  the  above  formula,  but  a  few  forms 
{e.g.,  the  Muntjak)  have  canine  teeth  in  the  upper  jaw.  These 
upper  canines,  however,  are  mostly  confined  to  the  males ;  and 
if  they  occur  in  the  females,  they  are  of  a  small  size.  The 
dentition  of  the  Camdida  (Camels  and  Llamas)  is  still  mpre 
aberrant ;  there  being  two  canine-like  upper  incisors  and  upper 
canines  as  well  The  lower  canines  also  are  more  pointed  and 
stand  more  erect  than  the  lower  incisors,  so  that  they  are  easily 
recognisable. 

The  group  of  the  Ruminantia  includes  the  families  of  the 
CanuUdcB  (Camels  and  Llamas),  the  J/bjr>^/^  (Musk-deer),  the 
CervidcB  (Deer), the  CamdopardalidcR{^v:^^y2xA  the  Cavicor- 
nia  (Oxen,  Sheep,  Goats,  Antelopes). 

a,  Camelida, — The  Camels  and  Llamas  constitute  in  many 
respects  an  aberrant  group  of  the  Ruminantia^  especially  in 
their  dentition,  the  peculiarities  of  which  have  been  spoken  of 
above,  and  need  not  be  repeated  here.  In  their  feet,  too,  the 
CamelidcR  are  peculiar.  The  feet  are  long  and  terminate  in 
only  two  toes,  which  are  covered  by  imperfect  nail-like  hoofs, 
covering  no  more  than  the  upper  surface  of  each  toe.  The 
two  hinder  supplementary  toes,  which  are  mostly  present  in  the 
Ruminants,  are  here  altogether  wanting ;  and  the  soles  of  the 
feet  are  covered  by  a  callous  homy  integument,  by  which  the 
two  toes  of  each  foot  are  conjoined,  and  upon  which  the  ani- 
mal walks.  The  head  in  all  the  Cameiidce  is  destitute  of  horns, 
and  the  nostrils  can  be  closed  at  the  will  of  the  animal. 

The  two  living  genera  of  the  CameiidcB  are  Camelus^  compris- 
ing the  true  Camels,  and  Auchmia,  comprising  the  Llamas  and 
Alpacas  of  South  Ajnerica.  Both  of  these  genera  are  repre- 
sented by  fossil  forms,  the  former  by  two  species  which  occur 
in  the  Tertiary  deposits  of  the  SiWalik  Hills,  in  India,  and  the 
latter  by  two  species  which  occur  in  the  bone-caves  of  Brazil, 
and  one  of  which  exceeded  the  horse  in  size. 

Besides  these  existing  genera,  there  are  the  two  extinct  genera 
Merycotherium  and  Macrauchmia,  The  first  of  these  is  only " 
known  by  some  molar  teeth,  which  have  been  discovered  in 
the  drift  of  Siberia,  and  which  resemble  those  of  the  Camel  in 
form.  Macrauchmia  is  a  remarkable  extinct  genus,  which  is  in 
many  respects  intermediate  between  the  Perissodactyle  and 

2  £ 
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Artiodactyle  Ungulates.  In  fact,  as  the  feet  appear  to  be  un- 
doubtedly three-toed,  it  can  only  with  some  violence  be  consi- 
dered here  as  belonging  to  the  Artiodactyles.  At  the  same 
time,  it  shows  many  remarkable  points  of  affinity  to  the  Came- 
lidcs,  and  it  may  be  regarded  as  a  generalised  type,  presenting 
resemblances  on  the  one  hand  to  PalcROtheriutn^  and  on  the 
other  hand  to  the  Llamas  (Atichenia),  Only  a  single  species  is 
known,  which  equals  the  Rhinoceros  in  size,  and  occurs  in 
Post-Tertiary  or  late  Tertiary  strata  in  South  America. 

b,  Moschidce, — ^The  second  group  is  that  of  the  Musk-deer, 
characterised  by  the  total  absence  of  horns  in  both  sexes,  and 
by  the  presence  of  canines  in  both  jaws,  those  in  the  upper  jaw 
being  in  the  form  of  tusks  in  the  males,  but  being  much  smaller 
in  the  females. 

The  family  Moschida  is  a  small  one,  and  is  of  little  geologi- 
cal importance.  A  species  of  Moschus^  allied  to  the  living 
Musk-deer,  has  been  found  in  India,  and  another  form  has  been 
indicated  as  occurring  in  the  later  Tertiary  deposits  of  Europe. 
The  genus  Amphitraguitis  has  been  founded  upon  remains  from 
the  Lower  Miocene  of  France ;  and  the  nearly-allied  Dremo- 
therium  has  been  discovered  in  the  Miocene  deposits  of  France 
and  Attica. 

c,  CervidcB, — ^This  family  is  of  much  greater  importance  than 
that  of  the  Moschida,  including  as  it  does  all  the  true  Deer. 
They  are  distinguished  from  the  other  Ruminants  chiefly  by 
the  nature  of  the  horns.  With  the  single  exception  of  the 
Reindeer,  these  appendages  are  confined  to  the  males  amongst 
the  Cervida^  and  do  not  occur  in  the  females.  They  do  not 
consist,  as  in  the  succeeding  group,  of  a  hollow  sheath  of  horn 
surrounding  a  central  bony  core,  nor  are  they  permanently  re-  • 
tained  by  the  animal.  On  the  other  hand,  the  horns,  or,  as 
they  are  more  properly  called,  the  antlers^  of  the  Cervidm  are 
deciduous,  and  are  solid.  They  are  bony  throughout,  and  are 
usually  more  or  less  branched,  and  they  are  annually  shed  and 
annually  reproduced  at  the  breeding  season.    They  increase 

in  size  and  in  the  number  of  branches  every  time  they  are 
reproduced,  until  in  the  old  males  they  may  attain  an  enor- 
mous size. 

The  living  Cervidce  are  very  generally  distributed,  but  no 
member  of  the  group  has  hitherto  been  discovered  in  either 
Australia  or  South  Africa,  their  place  in  the  latter  continent 
seeming  to  be  taken  by  the  nearly-allied  Antelopes  (distin- 
guished by  their  hollow  horns). 

The  true  Cervidce  do  not  seem  to  make  their  appearance 
before  the  Miocene  period,  in  which  they  are  represented  by 
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the  ei^ct  genus  Dorcatherium,  and  by  species  of  the  living 
genus  Cetvus.  The  foiroer  of  these  appears  to  have  been 
furnished  with  upper  canines ;  and  the  animal  had  antlers 
supported  upon  bony  peduncles,  in  both  of  these  respects  re- 
sembling the  living  Muntjak  (Cervus  Muntjak)  of  India. 

The  number  of  known  fossil  Deer  is  very  considerable,  but 
many  forms  are  only  known  by  fragmentary  remains ;  and  it 
will  be  sufficient  here  to  speak  of  some  of  the  more  important 
examples. 


[Mttacmi  Hiiintiaiii^    The  "  Irii 


The  true  Elks,  represented  by  the  living  Moose  {Al^  mal- 
ikis,  or  A.  palmaius),  are  distinguished  by  their  antlers  with- 
out either  basal  or  mesial  "  tines,"  but  terminated  by  a  great 
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palmation  digitated  on  its  outer  side  only.  Antlers  of  a 
species  undistinguishable  from  the  existing  Moose  have  been 
found  not  uncommonly  in  Post-Pliocene  deposits  in  various 
parts  of  Europe,  but  this  animal  does  not  make  its  appearance 
till  after  the  close  of  the  Glacial  period. 

The  Reindeer  {Cervus  tarandus)  of  Northern  Europe  and 
North  America  is  remarkable  for  being  the  only  member  of 
the  CervidcR  in  which  both  sexes  have  horns.  The  horns  are 
of  large  size,  cylindrical,  divided,  with  basilar  and  median 
t3mes.  Remains  of  the  Reindeer  are  found,  often  in  con- 
siderable abundance,  in  various  Post  -  Pliocene  deposits  in 
Europe,  extending  as  far  south  as  the  Pyrenees. 

Intermediate  between  the  Reindeer  and  the  Fallow-deer 
is  the  celebrated  Post-Pliocene  species,  which  is  commonly 
known  as  the  "Irish  Elk"  {^Cervus  megaceros,  or  Megcueros 
'  Hibernicm).  This  extinct  form  (fig.  356)  is  remarkable  for  its 
great  size  and  for  the  enormous  dimensions  of  the  spreading 
antlers,  which  are  expanded  towards  their  extremities,  and 
attain  an  expanse  of  as  much  as  ten  feet  from  tip  to  tip.  The 
Cervus  megaceros  is  exclusively  Post-Tertiary,  but  does  not 
appear,  so  far  as  is  known  with  certainty,  to  have  survived  into 
the  Prehistoric  period. 

The  true  Stags  {Cervus)^  to  which  the  Irish  Elk  seems  pro- 
perly to  belong,  are  typified  by  such  species  as  the  Red  Deer 
( Cervus  elaphus)  of  Europe,  and  the  Wapiti  ( Cervus  Canadensis) 
of  North  America.  The  former  of  these  occurs  in  a  fossil 
state  in  Post-Pliocene  and  Recent  deposits  in  Europe,  and  the 
latter  is  represented  in  accumulations  of  the  same  age  in 
America  by  a  closely-allied  or  identical  form. 

The  Roebuck  {Cervus  capreolus),  distinguished  by  its 
branched  antlers,  with  a  median,  but  without  a  basilar,  tyne, 
is  also  known  in  a  fossil  condition  in  Post-Pliocene  deposits 
in  Europe,  appearing  before  the  commencement  of  the  Glacial 
period. 

The  Miocene  and  Pliocene  deposits,  lastly,  have  3delded 
remains  of  Cervidce^  which  have  been  referred  to  various 
species ;  but  none  of  these  are  sufficiently  important  to  merit 
especial  mention. 

d,  Camelopardalidce.  —  This  family  includes  only  a  single 
living  animal — the  Camdopardalis  Gtraffa,  or  Giraffe — some- 
times called  the  Camelopard,  from  the  fact  that  the  skin  is 
spotted  like  that  of  the  Leopard,  whilst  the  neck  is  long,  and 
gives  it  some  distant  resemblance  to  a  Camel.  There  are  no 
upper  canines  in  the  Giraffe,  and  both  sexes  possess  two  small 
frontal  horns,  which,  however,  are  persistent,  and  remain  per- 
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manently  covered  by  a  hairy  skin,  terminated  by  a  tuft  of  long 
stiff  bristles.  The  neck  is  of  extraordinary  length,  but,  never- 
theless, consists  of  no  more  than  the  normal  seven  cervical 
vertebrae.  The  fore-legs  appear  to  be  much  longer  than  the 
hind-legs,  and  all  are  terminated  by  two  toes  each,  the  supple- 
mentary toes  being  altogether  wanting. 

Fossil  species  of  Giraffe  have  been  discovered  in  the  Ter- 
tiary deposits  of  the  Siwalik  Hills  in  India  and  in  the  Upper 
Miocene  of  Attica;  and  a  species  has  also  been  described 
from  France.  This  last,  however,  would  seem  to  be  referable 
to  the  genus  Hdladotheriutn^  founded  for  the  reception  of  some 
singular  fossils  from  the  Upper  Miocene  Tertiary  of  Attica. 
In  this  remarkable  genus  there  appear  to  have  been  no  horns, 
and  fthe  teeth  present  certain  resemblances  to  those  of  the 
Antelopes. 

e.  Cavicomia. — The  last  family  of  the  Ruminants  is  that  of 
the  Cavicomia  or  Bovida^  comprising  the  Oxen,  Sheep,  Goats, 
and  Antelopes.  This  family  includes  the  most  typical  Rumi- 
nants, and  those  of  most  importance  to  man.  The  upper  jaw 
in  all  the  Cavicomia  is  wholly  destitute  of  incisors  and  canines, 
the  place  of  which  is  taken  by  the  hardened  gum,  against  which 
the  lower  incisors  bite.  There  are  six  incisors  and  two  canines 
in  the  lower  jaw,  placed  in  a  continuous  series,  and  the  molars 
are  separated  by  a  wide  gap  from  the  canines.  There  are  six 
molars  on  each  side  of  each  jaw.  Both  sexes  have  horns,  or 
the  males  only  may  be  homed,  but  in  either  case  these  ap- 
pendages are  very  different  from  the  "  antlers  "  of  the  Cervida, 
The  horns,  namely,  are  persistent,  instead  of  being  deciduous, 
and  each  consists  of  a  bony  process  of  the  frontal  bone — or 
"  horn-core " — covered  by  a  sheath  of  horn.  The  feet  are 
cleft,  but  are  furnished  with  accessory  hoofs  placed  on  the 
back  of  the  foot 

The  Cavicomia  comprise  the  three  families  of  the  AntilopidcBy 
Ovidce,  and  Bovidcd,  The  Antelopes  form  an  extremely  large 
section,  with  very  many  species.  They  are  characterised  by 
their  slender  deer-like  form,  their  long  and  slender  legs,  and 
their  simple,  cylindrical,  annulated,  or  twisted  horns,  which  are 
usually  confined  to  the  males,  but  sometimes  occur  in  the 
females  as  well. 

The  above  definition  will  not  apply  in  all  points  to  some 
singular  extinct  forms  usually  referred  to  the  AntilopidoR^  nor 
to  one  aberrant  existing  form — viz.,  the  Prong-buck  (AntHope 
furcifeTy  or  AntUocapra  Americana).  This  extraordinary  and 
unique  species  differs  from  the  typical  Antelopes  in  having  no 
accessory  hoofs,  in  having  horns  which  have  a  snag  in  front, 
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and  in  the  fact  that  the  outer  sheath  of  the  horn  is  deddueus, 
and  not  pennanent.  For  these  reasons,  it  has  been  proposed 
to  place  the  Prong-buck  in  a  separate  family  (the  Antikcaprida) ; 
but  it  is  more  convenient  here  to  consider  it  as  an  aberrant 
member  of  the  Antiiopida. 

Several  species  of  Antelope  have  been  described  from  the 
Miocene  and  Pliocene  deposits  of  Europe,  but  none  of  them 
are  of  any  special  importance.  Fossil  Antelopes  have  also 
been  discovered  in  the  bone-caves  of  Brazil,  though  no  mem- 
ber of  this  family  is  known  at  the  present  day  as  existing  in 
South  America.  By  far  the  most  remarkable  fossils,  however, 
which  have  been  generally  referred  to  the  Antiiopida,  are  those 
on  which  the  genera  Sivaiherium  and  Bramatherium  have  been 
founded. 

Sivathaium  (fig.  357)  is  known  by  the  single  species  S. 
^ganteum,  discovered  by  Dr  Falconer  and  Sir  Proby  Cautley 
m  the  Tertiary  deposits  of  the  Siwalik  Hills  in  India.     The 


iiganln,^    Pliocene,  iDdiB.    (Aftn  Uurie.) 


most  important  peculiarity  in  Sivaiherium  is  the  structure  of 
the  horns,  of  which  the  animal  possessed  two  pairs.  Both 
pairs  of  horns  were  supported  by  bony  "  cores,"  so  that  there 
can  be  no  hesitation  in  referring  Sivaiherium  to  the  group  of 
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the  CavUomia,  The  anterior  horns,  as  shown  by  the  shape 
of  the  horn-cores,  were  simple;  and  if  the  posterior  horns  had 
been  of  a  similar  form,  then  Sivatherium  might  have  been 
fairly  regarded  as  merely  a  gigantic  four -homed  Antelope, 
similar  to  the  living  Antiiope  (Tetraceros)  quadricomis  of 
India.  The  posterior  horns,  however,  are  not  only  much 
larger  than  the  anterior,  but  they  possess  two  snags  or 
branches — a  peculiarity  not  to  be  paralleled  amongst  existing 
Cavicomia^  except  in  the  Prong-buck.  Dr  Murie,  however,  in 
an  admirable  paper  on  the  affinities  of  Sivatherium,  has  drawn 
attention  to  the  fact  that  the  Prong-buck  sheds  the  sheath  of 
its  horns  annually,  and  has  suggested  that  this  may  have  also 
been  the  case  with  the  extinct  form.  This  hypothesis  is  ren- 
dered probable,  amongst  other  reasons,  by  die  fact  that  no 
sheath  has  as  yet  been  discovered  surrounding  the  horn-cores 
of  either  pair  of  horns  in  the  Sivatherium,  Upon  the  whole, 
therefore,  the  above-mentioned  zoologist  would  refer  Siva- 
therium to  a  distinct  group  which  he  terms  Sivatherida,  and 
regards  as  being  most  nearly  related  to  the  Antilocapridce. 

Bramatherium  has  been  found  in  deposits  of  the  same  age  as 
Sivatherium,  with  which  it  agrees  in  its  colossal  dimensions 
and  its  possession  of  two  pairs  of  hollow  horns.  It  differs  from 
Sivatherium,  however,  in  certain  details  of  minor  importance. 

The  Sheep  and  Goats  (Ovidd)  have  mostly  horns  in  both 
sexes,  and  the  horns  are  generally  curved,  compressed,  and 
turned  more  or  less  backwards.  The  body  is  heavier,  and  the 
legs  shorter  and  stouter,  than  in  the  true  Antelopes.  In  the 
true  Goats  {Capra)  both  sexes  have  horns,  and  there  are  no 
lachrymal  sinuses.  The  true  Sheep  (Ovis)  are  destitute  of  a 
beard,  and  the  horns  are  generally  twisted  into  a  spiral.  Horns 
may  be  present  in  both  sexes,  or  in  the  males  only. 

The  Sheep  and  Goats  are  of  no  importance  as  fossils,  unless, 
indeed,  as  believed  by  high  authorities,  the  Musk-ox  should  be 
referred  to  the  Ovida.  Here,  however,  it  will  be  considered 
as  belonging  to  the  Bovidce,  Remains  of  both  Sheep  and  Goats 
have  been  discovered  in  various  Post-Tertiary  deposits  in 
Europe,  but  they  present  nothing  of  special  interest. 

The  true  Oxen  (Bovida)  are  distinguished  by  having  simple 
horns,  of  a  rounded  shape,  not  twisted  into  a  spiral.  A  few 
remains  of  Bovidce  have  been  found  in  deposits  of  Pliocene 
age,  but  the  Oxen  are  essentially  Post-Pliocene  and  Recent. 
The  most  important  Fossil  Oxen  are  the  Urus,  the  Aurochs, 
the  Bos  iofigifrons  of  Owen,  and  the  Musk-ox. 

.  The  Aurochs  or  Lithuanian  Bison  {Bos  bison)  can  hardly  be 
considered  as  a  fossil  form,  as  it  occurs  in  a  living  state  in 
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Europe  at  the  present  day.  Remains,  however,  of  this  large 
ox  are  found  in  various  prehistonc  deposits. 

The  Bos  lon^frons  of  Owen,  or  "  Small  Short-horn,"  is  in  a 
similar  position  to  the  Aurochs.  According  to  Mr  Boyd 
Dawkins,  this  form  (which  is  identical  with  the  Bos  frontgsus 
of  Nilsson)  has  not  been  proved  to  occur  in  any  Post-Pliocene 
deposit,  though  it  occurs  plentifully  in  the  bone-caves  and 
alluvia  of  the  Recent  or  prehistoric  period.  It  is  believed  by 
the  same  high  authority  ^at  the  Bos  kngifrons  is  the  ancestor 
of  our  present  Welsh  or  Scotch  CatUe. 

The  Urus  or  Wild  Bull  (Bos  primigenius),  though  much 
larger  than  our  ordinary  oxen,  is  believed  to  be  specifically 
undistinguishable  from  the  domestic  Ox  {Bos  taunts),  and  it 
was  probably  the  parent  of  the  larger  varieties  of  European 


Fie.  3SB.— Skull  of  the  Unu  (Bn  frimlgtitiia).    Fou- 


Oien.  It  was  a  contemporary  of  the  Mammoth,  Woolly 
Rhinoceros,  Cave  Lion,  Cave  Bear,  Irish  Elk,  and  other  Post- 
Pliocene  Mammals,  and  it  was  in  existence  up  to  at  least  the 
twelfth  century. 

The  last  of  the  Oxen  which  deserves  notice  is  the  curious 
Musk-ox  {Oviios  moschatus).  This  singular,  animal  is  at  the 
present  day  a  native  of  Arctic  America,  and  is  remarkable  for 
the  great  length  of  the  hair.  It  is  called  the  Musk-ox,  because 
it  gives  out  a  musky  odour.  Like  the  Reindeer,  the  Musk-ox 
had  formerly  a  much  wider  geographical  range  tiian  it  has  at 
present — the  conditions  of  climate  which  are  necessary  for  its 
existence  having  at  that  time  extended  over  a  very  mudi 
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larger  area  than  at  present  The  Musk-ox,  in  fact,  in  Post 
Tertiary  times  is  known  to  have  extended  over  the  greater  part 
of  Europe,  remains  of  it  occurring  abundantly  in  certain  of  the 
bone-caves  of  France.  As  already  mentioned,  high  authorities 
regard  the  Musk-ox  as  being  truly  a  large  Sheep,  and  as  being, 
therefore,  referable  to  the  Ovida, 


CHAPTER   XXXIX. 

ORDERS  OF  MAMMALIA-^Continued. 

Hyracoidea  and  Proboscidea. 

Order  VII.  Hyracoidea. — This  is  a  very  small  order  which 
has  been  constituted  by  Huxley  for  the  reception  of  two  or 
three  little  animals,  which  make  up  the  single  genus  Jlyrax, 
These  have  been  usually  placed  in  the  immediate  neighbour- 
hood of  the  Rhinoceros,  to  which  they  have  some  decided 
affinities,  and  they  are  still  retained  by  Owen  in  the  section  of 
the  Perissodactyle  Ungulates. 

The  order  is  distinguished  by  the  following  characters: — 
There  are  no  canine  teeth,  and  the  incisors  of  the  upper  jaw 
are  long  and  curved,  and  grow  from  permanent  pulps,  as  they 
do  in  the  Rodents  (such  as  the  Beaver,  Rat,  &c,)  The  molar 
teeth  are  singularly  like  those  of  the  Rhinoceros.  According 
to  Huxley,  the  dental  formula  of  the  aged  animal  is — 

.2—2       0-0      .     4—4       3—3      ^. 
2 — 2  '     0—0    ^     4 — ^4       3 — 3     ^ 

The  fore-feet  are  tetradactylous,  the' hind-feet  tridactylous,  and 
all  the  toes  have  rounded  hoof-like  nails,  with  the  exception  of 
the  inner  toes  of  the  hind-feet,  which  have  an  obliquely-curved 
nail.  There  are  no  clavicles.  The  nose  and  ears  are  short, 
and  the  tail  is  represented  by  a  mere  tubercle. 

The  living  species  of  Hyrax  inhabit  Syria,  Palestine,  and 
South  Africa.  No  fossil  representative  of  the  order  has  as  yet 
been  discovered.  The  Hyracotherium  of  the  Eocene  Tertisuy, 
however,  received  its  name  from  its  supposed  affinities  to  the 
living  Hyrax. 

Order  VIII.  Proboscidea. — ^The  eighth  order  of  Manimals 
is  that  of  the  Prohoscidea^  comprising  no  other  living  animals 
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except  the  Elephants,  but  including  also  the  extinct  Mastodon 
and  Deinotherium, 

The  order  is  characterised  by  the  total  absence  of  canine 
teeth  \  the  molar  teeth  are  few  in  number,  large,  and  trans- 
versely ridged  or  tuberculate ;  incisors  are  always  present,  and 
grow  from  persistent  pulps,  constituting  long  tusks  (fig.  359). 


Fig.  359.— Skull  of  the  Indian  Elephant  {EUphtu  Indicus),  t  Tusk-like  upper  indsors ; 
m  Lower  Jaw,  with  grinding  molars,  but  without  incisors;  m  Nostrils,  placea  at  the  ex- 
tremity of  the  proboscis. 


In  all  the  Elephants  there  are  two  of  these  tusk-like  incisors  in 
the  upper  jaw,  and  the  lower  jaw  is  without  incisor  teeth.  In 
the  Deinotherium  this  is  reversed,  there  being  two  tusk-like 
lower  incisors  and  no  upper  incisors.  In  the  Mastodons,  the 
incisors  are  usually  developed  in  the  upper  jaw,  and  form  tusks, 
as  in  the  Elephants  ;  but  sometimes  there  are  both  upper^and 
lower  incisors,  and  both  are  tusk-like.  The  nose  is  prolonged 
into  a  cylindrical  trunk,  movable  in  every  direction,  highly 
sensitive,  and  terminating  in  a  finger-like  prehensile  lobe  (fig. 
359).  The  nostrils  are  placed  at  the  extremity  of  the  proboscis. 
The  feet  are  furnished  with  five  toes  each,  but  these  are  only 
partially  indicated  externally  by  the  divisions  of  the  hoof.  The 
feet  are  fiimished  with  a  thick  pad  of  integument,  forming  the 
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palms  of  the  hand  and  the  soles  of  the  feet.  There  are  no 
clavicles.  The  testes  are  abdominal  throughout  life.  There 
are  two  teats,  and  these  are  placed  upon  the  chest 

The  order  Proboscidea  comprises  the  three  genera,  Elephas 
(with  both  living  and  extinct  representatives),  Mastodon,  and 
Danotherium,  the  two  latter  being  extinct.  The  order  came 
into  existence  in  the  Miocene  period,  in  which  it  is  represented 
by  all  these  three  genera.  The  genus  Elephas  comprises  the 
living  Asiatic  and  Indian  Elephants.  In  all  the  Elephants, 
whether  living  or  extinct,  the  "  tusks  "  are  fonned  by  an  enor- 
mous development  of  the  upper  incisors.  The  milk-tusks  are 
early  shed,  and  never  attain  any  great  size.  The  permanent 
tusl^,  however,  grow  from  persistent  pulps,  attaining  in  old 
males  an  enormous  size.  The  lower  incisors  are  absent,  and 
there  are  no  other  teeth  in  the  jaws  except  the  large  molars, 
which  are  usually  two  in  number  on  each  side  of  each  jaw. 
The  molar  teeth  are  of  very  large  size,  and  are  composed  of 
a  number  of  transverse  plates  of  enamel  united  together  by 
dentine.  In  the  Indian  Elephant  the  transverse  ridges  of 
enamel  are  narrow  and  undulating,  whilst  in  the  African 
Elephant  they  enclose  lozenge-shaped  intervals. 

The  surfaces  of  the  molars  are  approximately  flat,  and  the 
plates  of  enamel  form  patterns  which  are  veiy  characteristic  of 


Fig.  360.— MoUr  or  the  Munnuxb  {EUpiiu  *riii^Haa\,  uppsr  ji«,  nght  Hde, 
hilfnalmaliiie.    PoM-Plkictnt.    a  Criniling  lur&ci  ;*  Side  view. 

the  different  species.  Subjoined  are  illustrations  of  the  molars 
of  three  of  the  most  important  Fost-Plioccne  Elephants  {figs. 
360-362). 
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No  Elephant  has  as  yet  been  discovered  in  the  Miocene 
deposits  of  Europe,  but  six  species  are  known  from  strata  of 
this  age  in  India.  In  the  Piiocene  period,  Europe  possessed 
its  Elephants,  of  which  the  most  important  is  the  Elephas 
emti^uus  (fig,  362).  This  is  essentially  a  southern  form,  and 
is  found  in  Phocene  strata  in  France  and  Italy,  It  survived 
the  Glacial  period,  and  is  found  abundantly  in  various  Post- 
Pliocene  deposits.  It  abounded  in  Post-Pliocene  times  chiefly 
in  Southern  Europe,  south  of  the  Alps  and  Pyrenees ;  and  it  is 
only  on  the  northern  edge  of  this  area  that  its  remains  are 
found  commingled  with  those  of  the  Mammoth. 


Fliocene.    (AncrLyeil.) 


Of  the  Post-Pliocene  Elephants  by  lar  the  best-known  and 
most  important  is  the  Mammoth  {Elephas prim^enius).  This 
remarkable  form  (fig.  363)  was  essentially  northern  in  its  dis- 
tribution, never  passing  south  of  a  line  drawn  through  the 
Pyrenees,  the  Alps,  the  northern  shores  of  the  Caspian,  L^ke 
Baikal,  Kamschatka,  and  the  Stanovi  Mountains  (Dawkins). 
It  occurs  in  the  prie-Glacial  forest-bed  of  Cromer  in  Norfolk, 
survived  the  Glacial  period,  and  is  found  abundantly  in  Post- 
Glacial  deposits  in  France,  Germany,  Britain,  Russia  in  Europe, 
Asia,  and  North  America,  being  often  associated  with  the  Rem- 
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deer.  Lemming,  and  Musk-ox.  That  it  survived  into  the  ear- 
her  portion  of  the  human  period  is  unquestionable,  its  remains 
having  been  found  in  a  great  number  of  instances  associated 


with  implements  of  human  raanulacturc ;  whilst  in  one  instance 
a  recognisable  portrait  of  it  has  been  discovered,  carved  on 
bone.  From  its  great  abundance  in  Siberia,  it  might  have  been 
safely  infeired  that  the  Mammoth  was  able  to  endure  a  much 
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colder  climate  than  either  of  the  living  species.  This  inFerence, 
however,  has  been  rendered  a  certainty  by  the  discovery  of  die 
body  of  more  than  one  Mammoth  embedded  in  the  frozen  soil 
of  Siberia.  These  specimens  had  been  so  perfectly  preserved 
that  even  microscopical  sections  of  some  of  the  tissues  could 
be  made  j  and  in  one  case  even  the  eyes  were  preserved. 
From  these  specimens,  we  know  that  the  body  of  the  Mam- 
moth was  covered  with  long  woolly  hair. 

Amongst  other  Elephants  which  occur  in  Post-Pliocene  de- 
posits, may  be  mentioned,  as  of  special  interest,  the  pigmy 
Elephants  of  Malta.  One  of  these — the  Elephas  Mdilensis, 
or  so-called  "Donkey-Elephant" — was  not  more  than  four 
and  a  half  feet  in  height  The  other — the  Elephas  FaUoneri, 
of  Busk — was  still  smaller,  its  average  height  at  the  withers  not 
exceeding  two  and  a  half  to  three  feet 

The  Mastodons  in  most  respects  closely  resemble  the  true 
Elephants,  from  which  they  are  distinguished  by  their  denti- 
tion. As  in  the  Elephants,  the  upper  incisors  grow  from  per- 
mianent  pulps,  and  constitute  long  tusks ;  but  in  the  majority 
of  cases  the  Mastodons  also  possess  lower  incisors  as  well. 


The  two  lower  incisors,  however,  though  tusk-shaped,  did 
not  develop  themselves  to  any  extent,  and  often  disappeared 
in  adult  life.  A  more  important  distinction  between  the  Ele- 
phants and  Mastodons  is  that  the  molar  teeth  of  the  latter  arc 
not  only  more  numerous,  but  have  the  peculiarity  that  their 
crowns  are  furnished  with  nipple-shaped  eminences  or  tubercles 
placed  in  pairs  (fig.  364).  The  Mastodons  appear  to  have 
commenced  their  existence  in  the  Miocene  period,  being  re- 
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presented  in  strata  of  this  age  by  four  European  and  three 
Indian  species.  In  the  Pliocene  period,  also,  remains  of 
Mastodon  are  not  infrequent; 
and  in  North  America  the  great 
M.  OhiotUus  occurs  plentifully  in 
deposits  of  Post-Pliocene  age. 

The  last  of  the  Probosddea  is 
the  remarkable  Miocene  Mam- 
mal known  as  the  Deimtherium, 
which  is  still  referred  by  some 
high  authorities  to  the  order 
Sirmia. 

This  extraordinary  animal  has 
hitherto  only  been  found  in 
Miocene  deposits,  and  little  is 
known  of  it  except  its  enonnous 
skull  (fig.  365).  Molars  and 
premolars  were  present  in  each 
jaw,  and  the  upper  jaw  was  des- 
titute of  canines  and  incisors.  In  the  lower  jaw  were  two 
veiy  large  tusk-like  incisors,  which  were  not  directed  forwards 
as  in  the  true  Elephants,  but  were  bent  abruptly  downwards 
{fig.  365).  The  animal  must  have  attained  an  enormous  size, 
and  it  is  probable  that  the  curved  tusks  were  used  either  in 
digging  up  roots  or  in  mooring  the  animal  to  the  banks  of 
rivers,  for  it  was  probably  aquatic  or  semi-aquatic  in  its  habits. 

Several  species  of  Deinofheriutn  have  been  indicated  as 
occurring  in  Europe,  and  a  species  has  been  noticed  in  the 
Tertiary  deposits  of  the  Siwalik  Hills  by  Dr  Falconer  and  Sir 
Proby  Cautley. 


CHAPTER    XL. 

ORDERS  OF  MAMMALIA— Continued. 

Carmivora. 

Order  IX.  Carnivora. — The  ninth  order  of  Mammals  is  that 
of  the  Carnivora,  comprising  the  Fera,  or  Beasts  of  Prey,  along 
wth  the  old  order  of  the  Pinnipedia,  or  Seals  and  Walruses, 
these  latter  being  now  universally  r^arded  as  merely  a  group 
of  the  Carnivora  modified  to  lead  an  aquatic  life. 
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The  Camivora  are  distinguished  by  always  possessing  two 
sets  of  teeth,  which  are  simply  covered  by  enamel,  and  are 
always  of  three  kinds — incisors,  canines,  and  molars — differ- 
ing from  one  another  in  shape  and  size.    The  incisors  are 

generally  ^-^  (except  in  some  Seals) ;  the  canines  are  always 

and  are  invariably  much  larger  and  longer  than  the  in- 

cisors.  The  praemolars  and  molars  are  mostly  furnished  with 
cutting  or  trenchant  edges ;  but  they  graduate  from  a  cutting 
to  a  tuberculate  form,  as  the  diet  is  strictly  carnivorous,  or 
becomes  more  or  less  miscellaneous.  In  the  typical  Carnivores 
(such  as  the  Lion  and  Tiger),  the  last  tooth  but  one  in  the 
upper  jaw,  and  the  last  tooth  in  the  lower  jaw,  are  known  as 
the  ''  camassial "  teeth,  having  a  sharp  cutting  edge  adapted 
for  dividing  flesh,  and  generally  a  more  or  less  developed  tu- 
berculated  heel  or  process.  A  varying  number,  however,  of  the 
molars  and  praemolars  may  be  "  tuberculate,**  their  crowns 
being  adapted  for  bruising  rather  than  cutting.  As  a  general 
rule,  the  shorter  the  jaw,  and  the  fewer  the  prsemolars  and 
molars,  the  more  carnivorous  is  the  animal.  The  jaws  are  so 
articulated  as  to  admit  of  vertical  but  not  of  horizontal  move- 
ments; the  zygomatic  arches  are  greatly  developed  to  give 
room  for  the  powerful  muscles  of  the  jaws ;  and  the  orbits  are 
not  separated  from  the  temporal  fossae. 

In  all  the  Carnivora  the  clavicles  are  either  altogether  want- 
ing, or  are  quite  rudimentary.  The  toes  are  provided  with 
sharp  curved  claws. 

The  order  Carnivora  is  divided  into  three  very  natural  sec- 
tions : — 

Section  /.  Finnigrada  or  Pinnipedia. — This  section  comprises 
the  Seals  and  Walruses,  in  which  the  fore  and  hind  limbs  are 
short,  and  are  expanded  into  broad,  webbed  swimming-paddles 
(fig.  366,  B.)  The  hind-feet  are  placed  very  far  back,  nearly 
in  a  line  with  the  axis  of  the  body,  and  they  are  more  or  less 
tied  down  to  the  tail  by  the  integuments. 

Section  II,  Plantigrada, — This  section  comprises  the  Bears 
and  their  allies,  in  which  the  whole,  or  nearly  die  whole,  of  the 
foot  is  applied  to  the  ground,  so  that  the  animal  walks  upon 
the  soles  of  the  feet  (fig.  366,  A.) 

Section  IIL  Digiiigrada, — ^This  section  comprises  the  Lions, 
Tigers,  Cats,  Dogs,  &c.,  in  which  the  heel  of  the  foot  is  raised 
entirely  off  the  ground,  and  the  animal  walks  upon  the  rips  of 
the  toes  (fig.  366,  C.) 

As  regards  their  general  distribution  in  time,  if  the  little  Mi- 
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croUstes  of  the  Upper  Trias  be  Marsvpia!,  as  is  almost  certainly 
the  case,  then  the  order  Carnivora  is  comparatively  modenij  the 
earliest  undoubted  remains  having  been  found  in  the  Eocene 
Tertiary.  In  the  Eocene  period,  however,  the  famdies  of  the 
Canida  and  Felida  appear  to  have  been  already  differentiated. 
The  Ursidte,  Viverrida,  Mustdidtx,  Hycenida,  and  Phocida,  do  not 
seem  to  have  made  their  appearance  before  the  Miocene  period. 
In  the  Pliocene  and  Post-Pliocene  periods  almost  all  the  existing 
types  of  the  Carnivora  are  represented  by  extinct  forms,  whilst 
in  the  latter  the  remains  of  various  living  species  are  found 
associated  with  other  animals  which  have  at  the  present  day 
entirely  passed  away.  In  the  following  are  given  the  charac- 
ters and  chief  fossil  forms  of  the  families  of  the  Carnivora. 


Fig.  i6«.— Feel  oC  Camimrra  (after  Uwen).     A,  Ftantigrada,  Fool  of  B< 
"B,  Piiaurrada,  Hind-fHI  d[  Sol ;  C,  Dititi[nda,  Fool  or  Lion. 


Section  I.  Pinnigrada. — This  section  of  the  Carnivora 
comprises  the  amphibious  Seals  and  Walruses,  which  differ 
from  the  typical  Carnivores  merely  in  points  connected  with 
their  semi-aquatic  mode  of  life.  The  body  is  elongated,  some- 
what fish-like  in  shape,  and  terminated  by  a  short  conical  taU. 
All  the  four  limbs  are  present,  but  they  are  very  short,  and  the 
five  toes  of  each  foot  are  united  by  the  integuments,  so  as  to 
form  powerful  swimming-paddles.  The  hind-feet  are  placed 
very  far  back,  their  axis  nearly  coinciding  with  that  of  the  body 
(fig.  366,  B).  Owing  to  this  circumstance  the  hinder  end  of 
the  body  forms  an  admirable  swimming  apparatus,  similar  in 
its  action  to  the  horizontal  tail-fin  of  the  Cetacea  and  Sirmia. 
The  tips  of  the  toes  are  furnished  with  strong  claws,  but  the 
powers  of  terrestrial  locomotion  are  very  limited.   The  ears  are 
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of  small  size,  and  are  mostly  only  indicated  by  small  apertures, 
which  the  animal  has  the  power  of  closing  when  under  water. 
The  bones  are  light  and  spongy,  and  beneath  the  skin  is  a  layer 
of  fat  or  blubber.  The  dentition  varies ;  but  teeth  of  three 
kinds  are  always  present,  in  the  young  animal  at  any  rate. 
The  canines  are  always  long  and  pointed,  and  the  molars  are 
generally  furnished  with  sharp  cutting  edges. 

The  Seals  (Phocidci)  are  distinguished  by  having  incisor 
teeth  in  both  jaws,  and  by  the  fact  that  the  canines  are  not 
immoderately  developed.  As  regards  their  distribution  in 
time,  the  Seals  are  indicated  as  occurring  in  the  Miocene  and 
Pliocene  Tertiary;  but  their  remains  are  by  no  means  as 
abundant  as  might  have  been  anticipated  from  their  aquatic 
habits.  Remains  of  Seals,  however,  are  by  no  means  very  rare 
in  Post-Tertiary  deposits. 

The  Walruses  {Trichecidci)  are  distinguished  from  the  Seals 
by  their  enormously -developed  upper  canines,  which  grow 
from  persistent  pulps,  and  constitute  great  pointed  tusks. 
Remains  of  the  Walrus  have  been  found  in  some  of  the  later 
Tertiary  deposits,  but  they  are  merely  fragmentary,  and  are  of 
little  importance. 

Section  II.  Plantigrada. — The  Carnivorous  animals  be- 
longing to  this  section  apply  the  whole  or  the  greater  part  of 
the  sole  of  the  foot  to  the  ground  (fig.  366,  A) ;  and  the  por- 
tion of  the  sole  so  employed  is  destitute  of  hairs  in  most 
instances  (the  sole  is  hairy  in  the  Polar  Bear). 

The  typical  family  of  the  Plantigrade  Carnivora  is  that  of 
the  UrsidcB  or  Bears,  in  which  the  entire  sole  of  the  foot  is 
applied  to  the  ground  in  walking.  The  Ursidce  are  much  less 
purely  carnivorous  than  the  majority  of  the  order,  and,  in 
accordance  with  their  omnivorous  habits,  the  teeth  do  not 
exhibit  the  typical  carnivorous  characters.  The  incisors  and 
canines  have  the  ordinary  carnivorous  form,  but  the  "  camas- 
sial"  or  sectorial  molar  has  a  tuberculate  crown  instead  of  a 
sharp  cutting  edge.     The  dental  formula  is — 

/  3j=3  .    ^  IZlI  ;    pm  4=14;  ;„  ?=Z?  =  42. 

3—3        I— I  4—4        3—3 

The  claws  are  large,  strong,  and  curved,  but  are  not  retrac- 
tile. The  tongue  is  smooth ;  the  ears  small,  erect,  and  rounded ; 
the  tail  short ;  the  nose  forms  a  movable  truncated  snout ;  and 
the  pupil  is  circular. 

The  oldest  known  member  of  the  UrsidcB  is  the  Amphicyan 
of  the  Miocene  Tertiary.  In  this  genus  the  molars  are  tuber- 
culated,  as  they  are  in  the  true  Bears ;  but,  unlike  the  latter, 
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there  is  an  additional  molar  on  each  side  of  the  upper  jaw. 
Several  species  have  been  described  from  deposits  of  Middle 

Tertiary  age. 

The  true  Bears  {Ursus)  do  not  appear,  so  far  as  is  certainly 
known,  to  have  commenced  their  existence  before  the  Pliocene 
period,  the  best-known  species  of  this  epoch  being  the  Ursus 
Arrernmsis.  In  the  Post-Tertiary  period  the  two  most  im- 
portant species  are  the  Ursus  priscus  and  Ursus  sptkats,  of 
which  the  former  is  probably  identical  with  the  living  Grizzly 
Bear  {Ursus ferox).     The  Cave-bear  {Ursus  speitxus,  fig.  367) 


Fig.  367.— SVull  of  [Aran  tftUna.    Pou-Plioccnc, 


is  a  gigantic  Bear,  which,  as  its  name  implies,  has  been  found 
mainly  in  cavern -deposits.  The  size  of  this  species  con- 
siderably exceeded  that  of  any  existing  Bear,  and  it  is  espe- 
cially characteristic  of  the  later  portion  of  the  Post-Pliocene 
period. 

More  or  less  nearly  allied  to  the  true  Bears  are  the  little 
living  animals  which  are  known  as  Coatis  {Nasud),  Racoons 
{Procyoti),  and  Kinkajous  {Cercoleptes),  all  of  which  at  the 
present  day  are  confined  to  the  American  continent.  The 
bone-caves  of  Brazil  have  yielded  remains  of  two  species  of 
Nasua,  and  a  Racoon  has  been  found  in  Post-Tertiary  de- 
posits in  UHnois.  No  certain  remains  of  CercoUples  zi^  known  ; 
but  the  Ardocyon  primwims  of  the  Eocene  Tertiary  of  France 
has  been  compared  with  the  existing  Kinkajous. 

The  only  remaining  family  of  the  Planiigrada  is  that  of  the 
Melidct  or  Badgers,  characterised  by  their  elongated  bodies 
and  short  legs,  and  by  the  fact  that  the  camassial  tooth  has  a 
partly  cutting  edge,  and  is  not  wholly  tuberculate  as  in  the 
Bears. 
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Remains  of  Badgers  have  been  found  in  Post-Tertiary  de- 
posits in  Europe,  and  they  are  probably  referable  to  the  exist- 
ing MeUs  taxus.  The  Gluttons  (Guio)  are  also  only  known 
from  Post-Tertiary  accumulations,  and  the  so-called  Gulo 
spdmus  of  the  cavern-deposits  of  Europe  does  not  appear  to 
be  separable  from  the  common  Wolverine  (Gtdo  iuscus). 

Section  III.  Digitigrada. — In  this  section  of  the  Carni- 
vora  the  heel  is  raised  above  the  ground,  with  the  whole  or 
the  greater  part  of  the  metacarpus,  so  that  the  animals  walk 
more  or  less  completely  on  the  tips  of  the  toes  (fig.  366,  C). 
No  absolute  line,  however,  of  demarcation  can  be  drawn 
between  the  Plantigrade  and  Digitigrade  sections  of  the  Car- 
nivora^  since  many  forms  (e,g,^  Mustelida  and  Viverrida)  ex- 
hibit transitional  characters,  and  it  has  even  been  proposed 
to  place  these  in  a  separate  section,  under  the  name  of  Semi- 
plantigrada. 

The  first  family  of  the  DigUigrada  is  that  of  the  MusUlida 
or  Weasels,  including  a  number  of  small  Carnivores,  with  short 
legs,  elongated  worm-like  bodies,  and  a  peculiar  glidmg  mode 
of  progression  (hence  the  name  of  Vermiformes^  sometimes 
applied  to  the  group). 

The  most  important  fossil  forms  of  the  Mustdida  belong  to 
the  genera  Mustela  (comprising  the  Weasels  and  Stoats),  and 
Lutra  (comprising  the  Otters).  The  Weasels  appear  to  have 
come  into  existence  in  the  Miocene  period,  being  represented 
by  several  species  in  deposits  belonging  to  this  age.  They 
occur  also  in  Pliocene  and  Post-Tertiary  deposits.  The  Otters 
are  likewise  known  by  their  remains  in  strata  of  Miocene  and 
Pliocene  age,  and  they  occur  in  Post-Tertiaiy  times. 

The  second  family  of  the  Semi-plantigrade  Carnivores  is  that 
of  the  Viverrida,  the  Civets  and  Genettes.  They  are  all  of 
moderate  size,  with  sharp  muzzles  and  long  tails,  and  more  or 
less  striped,  or  banded,  or  spotted.  The  camassial  molar  is 
trenchant ;  the  canines  are  long,  sharp,  and  pointed  ;  and  the 
tongue  is  roughened  by  numerous  prickly  papillae.  The  claws 
are  semi-retractile,  and  the  pupils  can  contract,  on  exposure  to 
light,  till  they  resemble  a  mere  line. 

The  genus  Palaonyctis  of  De  Blainville  has  been  founded 
upon  a  lower  jaw  obtained  from  the  Eocene  Tertiary  of  France, 
and  apparently  referable  to  this  family.  The  Miocene  rocks 
of  France  have  )rielded  the  remains  of  several  species  which 
have  been  placed  in  the  existing  genus  Viverra,  Lastly,  the 
Hyanidis  and  Iditherium  of  the  Upper  Miocene  deposits  of 
Attica,  appear  to  be  intermediate  in  their  characters  between 
the  Viverrida  and  Hycenida, 
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Forming  a  transition  between  the  Vivfrrida  and  the  Felida 
is  the  family  of  the  Hyanida,  distinguished  by  the  fact  that, 
alone  of  all  the  Camtvora,  both  pairs  of  feet  have  only  four 
toes  each.  The  hind-legs  are  shorter  than  the  fore-legs,  so  that 
the  trunk  sinks  towards  the  hind-quarters,  and  the  taD  is  short. 
The  tongue  is  rough  and  prickly.  The  head  is  extremely 
broad,  the  muzzle  rounded,  and  the  muscles  of  the  jaw  ex- 
tremely powerful  and  well  developed.  The  claws  are  non- 
retractile.  All  the  molars  are  trenchant  except  the  last  upper 
molar,  which  is  tuberculate.  The  upper  caraassial  has  a  small 
internal  tubercle,  and  the  lower  camassial  is  wholly  trenchant. 

The  earliest  fossil  member  of  the  Hyanida  is  the  Hyana 
Hipparionum  of  the  Pliocene  of  France,  and  other  species  have 
been  obtained  in  the  same  country  from  strata  of  the  same  age. 
Of  the  Post-Tertiaiy  Hyenas,  the  best  known  and  most  im- 
portant is  the  great  Cave-hytena  {Hyana  speiaa,  fig.  368). 
This  species  in  many  respects  resembles  the  Hyana  crocuta  of 


F[g.  368.— SkuU  of  A><r'u"A'' 


South  Africa ;  and  it  inhabited  Britain  and  the  greater  part  of 
Europe  during  the  Post-Pliocene  period.  Its  remains  often 
occur  in  great  abundance,  and  no  doubt  can  be  entertained  as 
to  its  having  survived  into  the  human  period. 

Here  may  be  considered  the  genus  Ifyanodon,  which  cannot 
be  referred  either  to  the  Hyattida  or  Felida.  This  remark-, 
able  genus  has  been  detected  in  the  Eocene  Tertiary  of  Eng- ' 
land,  and  the  Miocene  in  France,  and  is  noticeable  for  the 
great  number  of  its  molars,  as  compared  with  the  existing 
Felida.    The  dental  formula  is — 

''"''  =44. 

All   the  pnemolars  and  molars  possessed   trenchant  edges. 
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and  were  compressed,  so  that  the  dentition  of  this  extinct  genus 
is  more  highly  carnivorous  than  is  the  case  with  any  existing 
C^amivore. 

The  next  family  is  that  of  the  Canida,  comprising  the  Dogs, 
Wolves,  Foxes,  and  Jackals.  The  members  of  this  family  are 
characterised  by  having  pointed  muzzles,  smooth  tongues,  and 
non-retractile    claws.      The  fore-feet  have   five    toes   each, 

6 — 6 

the  hind-feet  have  only  four.      The  molar  teetii  are  > 

7 — 7 

7 — 7 
sometimes  ,  and  of  these,  two  or  three  on  each  side  are 

7 — 7 
tuberculate.     The  camassial  has  a  tolerably  large  heel  or 

process. 


Fig.  369.— Skull  of  Jackal  (jCanis  aureus). 

The  true  Dogs  and  the  Wolves,  forming  the  genus  Cants, 
and  the  Foxes  ( Vulpes)^  can  hardly  be  distinguished  from  one 
another,  as  fossils,  with  any  certainty.  The  oldest  known 
member  of  the  Canida  is  the  Canis  Parisimsis  of  the  Upper 
Eocene  Tertiary  (Gypseous  series  of  Montmaftre),  which  ap- 
pears to  be  nearly  allied  to  the  existing  Arctic  Fox  ( Vulpes 
lagopus).  Other  species  of  Canis  occur  in  the  Miocene,  Plio- 
cene, and  Post-Tertiary  deposits;  and  the  so-called  Canis 
familiaris  fossUis  of  the  caves  of  Germany,  Belgium,  and  France, 
appears  to  be  very  nearly  allied  to  the  domestic  Dog  of  the 
present  day.  Similarly,  the  so-called  Canis  spdcsus^  and  Canis 
vulpes  spelaus  are  nearly,  if  not  quite,  identical  with  the  exist- 
ing Wolf  and  Fox  of  Europe.  Lastly,  the  Galacynus  of  the 
Pliocene  schists  of  Oeningen,  and  the  Palcsocyon  (Lund)  of  the 
Brazilian  caves,  are  two  extinct  genera  which  may  be  provision- 
ally referred  to  the  Canida. 

The  last  group  of  the  Digitigrada  is  that  of  the  FdidiB,  or  Cat 
tribe,  comprising  the  most  typical  members  of  the  whole  order 
of  the  Camvuora,  such  as  the  Lions,  Tigers,  Leopards,  Cat,  and 
Panthers.     The  members  of  this  family  all  walk  upon  the  tips 
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of  their  toes,  the  soles  of  their  feet  being  hairy,  and  the  whole 
of  the  metacarpus  and  heel  being  raised  above  the  ground  (fig. 
366,  C),  The  jaws  are  short,  and,  owing  to  this  fact,  and  to 
the  great  size  of  the  muscles  concerned  in  mastication,  the  head 
assumes  a  short  and  rounded  form,  with  an  abbreviated  and 
rounded  muzzle.  The  molars  and  premolars  are  fewer  in 
■  number  than  in  any  other  of  the  Carnivora  (hence  the  short- 
ness of  the  jaws),  and  they  are  all  trenchant,  except  the  last 
molar  in  the  upper  jaw,  which  is  tuberculate.  The  upper  car- 
nassial  has  three  lobes,  and  a  blunt  heel  or  internal  process. 
The  lower  camassial  has  two  cutting  lobes,  and  no  internal 
process.  According  to  Owen,  the  dental  formula  is — 
.■  3—3 .       «— «      ,      3—3        I— I  _.  ,„ 

'3-1:3.  ^i=i;/"'.—,;'«,-=i-3o. 

The  legs  are  nearly  of  equal  size,  and  the  hind-feet  have  only 
four  toes  each,  whilst  the  fore-feet  have  five.  All  the  toes  are 
furnished  with  strong,  curved,  retractile  claws,  which,  when  not 
in  use,  are  withdrawn  within  sheaths  by  the  action  of  elastic 
Ugaments,  so  as  not  to  be  unnecessarily  blunted. 


FIj.  370.— SloiH  of  Lion  IFilit  In,). 

The  Fdida  probably  came  into  existence  in  the  Eocene 

period ;  but  there  is  considerable  uncertainty  as  to  the  remains 
which  have  been  cited  fi'om  deposits  of  this  age.  Several  spe- 
cies of  Felis  have  been  indicated  as  occurring  in  Miocene 
deposits,  and  still  more  numerous  forms  have  been  determined 
from  Pliocene  strata.  The  most  important  and  best  known  of 
the  Post-Pliocene  Felida  is  the  great  Cave-lion  {Felis  spelaa), 
which  does  not  appear  to  be  separable  by  any  character  of  im- 
portance from  the  existing  Lion  {Felis  lai).  This  species  in- 
habited Briton  in  times  subsequent  to  the  Glacial  period,  and 
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was  a  contemporary  of  the  Cave-hyaena,  Cave-bear,  Woolly 
Rhinoceros,  and  Mammoth.  There  can  also  be  no  doubt  but 
that  the  Cave-lion  survived  into  the  earlier  portion  of  the 
human  period. 

The  only  other  member  of  the  Felida  which  deserves  men- 
tion, is  the  "  sabre-toothed "  Tiger  (Machairodus)^  species  of 
which  are  known  to  have  existed  from  the  Miocene  period  up 
to  the  Post-Pliocene.  In  this  singular  genus  the  upper  canines 
were  greatly  elongated,  trenchant,  and  sabre  -  shaped,  with 
finely-serrated  mai^ns.  There  is  no  upper  true  molar,  and 
the  praemolars  are  reduced  to  two  on  each  side  of  each  jaw. 
The  dental  formula  is — 

.3—3        I— I      .     2—2       0—0 

Species  of  Machairodus  must  have  been  as  large  as  a  Lion ; 
and  the  genus  is  not  only  European,  but  is  also  represented  by 
a  form  in  South  America,  and  another  in  India. 


CHAPTER    XLL 

ORDERS  OF  MAMMALIA— Continued, 

RoDENTiA,  Cheiroptera,  and  Insectivora. 

Order  X.  Rodentia. — ^The  tenth  order  of  Mammals  is  that 
of  the  Rodents,  often  spoken  of  as  Glires^  comprising  the  Mice, 
Rats,  Squirrels,  Rabbits,  Hares,  Beavers,  &c 

The  Rodentia  are  characterised  by  the  possession  of  two 
long  curved  incisor  teeth  in  each  jaw,  separated  by  a  wide  in- 
terval from  the  molars.  The  lower  jaw  never  has  more  than 
two  of  these  incisors,  and  the  upper  jaw  very  rarely;  but  some- 
times there  are  four  upper  incisors.  There  are  no  canine 
teeth,  and  the  molars  and  praemolars  are  few  in  number  (rarely 
more  than  four  on  each  side  of  the  jaw).  The  feet  are  usually 
furnished  with  five  toes  each,  all  of  which  are  armed  with  claws; 
and  the  hallux,  when  present,  does  not  differ  in  form  fi'om  the 
other  digits. 

The  most  characteristic  point  about  the  Rodents  is  to  be 
found  in  the  structure  of  the  incisors,  which  are  adapted  for 
continuous  gnawing — hence  the  name  of  Rodentia.  The  in- 
cisor teeth  are  commonly  two  in  each  jaw,  and  they  grow  from 
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persistent  pulps,  so  that  they  continue  to  grow  throughout  the 
life  of  the  animal.     They  are  lai^e,  long  and  curved  (fig.  371, 


ihe  cbiKl-iiiaped  poini :  aEoimiel;  dDaiaac 


B),  and  are  covered  anteriorly  by  a  plate  of  hard  enamel.  The 
back  part  of  each  incisor  is  composed  only  of  the  comparatively 
soft  dentine,  so  that  when  the  tooth  is  exposed  to  attrition,  the 
soft  dentine  behind  wears  away  more  rapidly  than  the  hard 
enamel  in  front.  The  result  of  this  is  that  the  crown  of  the 
tooth  acquires  by  use  a  chisel-like  shape,  bevelled  away  behind, 
and  the  enamel  forms  a  persistent  cutting  edge  (fig.  371). 

The  gnawing  action  of  the  incisors  is  assisted  by  the  articu- 
lation of  the  lower  jaw,  the  condyle  of  which  is  placed  longi- 
tudinally and  not  transversely,  so  that  the  jaw  slides  backwards 
and  forwards.  The  molars,  consequently,  have  flat  crowns,  the 
enamelled  surfaces  of  which  are  always  arranged  in  transverse 
ridges,  in  opposition  to  the  antero-posterior  movement  of  the 
jaw. 

The  earliest  known  traces  of  the  Rodents  in  past  time  have 
been  discovered  in  the  Eocene  Tertiary.  The  order  comprises 
a  large  number  of  families,  only  the  more  important  of  which 
can  be  noticed  here. 

fam.  I.  Leporida. — In  this  family  are  the  Hares  and  Rabbits 
(Lepus),  and  the  Pikas  {Lagomys),  distinguished  amongst  the 
Rodents  by  the  possession  of  two  small  incisors  in  the  upper 
jaw,  placed  behind  the  central  chisel-shaped  incisors,  so  that 
there  are  four  upper  incisors  io  all.  The  molars  and  pneinolars 
are  rootless,  and  the  dental  formula  is — 

The  clavicles  are  imperfect     The  fore-l^s  are  furnished 
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with  five  toes,  and  are  considerably  shorter  than  the  hind-legs, 
which  have  only  four  toes.  The  two  orbits  communicate  by 
an  aperture  in  the  septum.  Generally  there  is  a  short  erect  tail. 
Species  of  Lepus^  more  or  less  nearly  allied  to  the  existing 
Hares  and  Rabbits,  are  found  in  the  Miocene  and  Pliocene 
Tertiary  of  Europe ;  whilst  the  Post-Tertiary  deposits  of  the 
same  area  have  yielded  remains  almost  or  quite  identical  with 
living  species.  The  cave-deposits  of  Brazil  have  also  yielded 
the  bones  of  a  hare  very  nearly  allied  to  the  living  Lepus 
Brasiliensis,  The  Calling  Hares  or  Pikas  (Lagomys),  which 
are  distinguished  by  their  nearly  complete  clavicles  and  rudi- 
mentary tail,  and  which  at  the  present  day  are  characteristic  of 
Siberia,  are  found  in  the  Pliocene  of  Oeningen  and  in  Post- 
Tertiary  deposits  in  Britain  and  Southern  Europe. 

Fam,  2.  Cavida, — In  this  family  are  the  living  Capvbaras 
{Hydrocharus\  Agoutis  {Dasyprocta),  Pacas  {Ccdogmys)^  &c., 
characterised  by  their  absence  of  clavicles,  their  rudimentary 
tail,  their  unguiculate  toes,  and  their  general  possession  of 
eight  rootless  molars  in  each  jaw.  Almost  all  the  existing 
members  of  this  family  belong  to  South  America,  and  this 
continent  has  been  peopled  during  Post-Tertiaiy  times  with 
numerous  species  more  or  less  nearly  allied  to  living  forms. 
Thus,  the  Brazilian  bone-caves  have  yielded  to  the  researches 
of  Lund  remains  of  Guinea-pigs  (Ancema),  Agoutis,  Pacas,  and 
Capybaras,  all  of  which  appear  to  belong  to  extinct  species. 

Fam.  3.  Hystricida, — In  this  family  are  the  well-known  Por- 
cupines, distinguished  from  the  other  Rodents  by  the  fact  that 
the  body  is  covered  with  long  spines  or  "  quills,"  mixed  ifvith 
bristly  hairs.  They  have  four  molars  on  each  side  of  each  jaw, 
and  they  possess  imperfect  clavicles. 

Remains  of  Porcupines  allied  to  the  existing  species  of 
Hystrix  have  been  detected  in  the  Pliocene  and  Post-Pliocene 
deposits  of  Europe  and  Alsia.  On  the  other  hand,  the  bone- 
caves  of  Brazil  have  )n elded  the  remains  of  a  Porcupine  with 
a  prehensile  tail,  allied  to  the  living  Cercolabes  of  South 
America. 

Fam,  4.  Castorida, — ^The  best-known  example  of  this  family 
is  the  Beaver  (Castor fiber).  The  distinctive  peculiarities  of 
the  family  are  the  possession  of  distinct  clavicles,  the  posses- 
sion of  five  toes  to  each  foot,  and  the  fact  that  the  hinder  feet 
are  mostly  webbed,  adapting  the  animal  to  a  semi-aquatic  life. 
The  genus  Castor,  comprising  the  existing  Beaver,  and 
characterised  by  the  possession  of  a  flattened  scaly  tail,  is  re- 
presented by  fossil  species  in  the  Miocene  and  Pliocene  de- 
posits of  Europe.    The  Castor  spelaus  of  the  European  cave- 


deposits  does  not  appear  to  be  specifically  separable  from  the 
existing  Beaver  {CiMfcr^yS^tT-).  The  great  Tregoni/ierium  (fig. 
372)  of  the  Post-Tertiary  de- 
posits of  Europe,  also  appears  _jr^-^                             ^__, 

seems  to  be  rightly  referred       ■H^Ss^BHSSHr 

only  known  species  attained  _  4-  ■     c    ■   ■ 

a  comparatively  gigantic  size,  *  ^"'  PMi-nSS™""""  """^ 
reaching  a  length  of  about 

five  feet.  The  Chalicomys  of  the  European  Miocene  and 
Pliocene  deposits  appears  to  be  nearly  related  to  the  Beavers ; 
and  the  bone-caves  of  Brazil  have  yielded  a  species  of  Afyepot- 
amus  nearly  allied  to  the  existing  Coypu  {Myopotamus  coypus) 
of  South  America, 

J-am.  s-  Muridee. — The  fifth  family  of  Rodents  is  that  of  the 
Muridce,  comprising  the  Kats,  Mice,  and  Lemmings.  In  this 
family  the  tail  is  long,  always  thinly  haired,  sometimes  naked 
and  scaly.  The  lower  incisors  are  narrow  and  pointed,  and 
there  are  complete  clavicles.  The  hind-feet  are  furnished  with 
five  toes,  the  fore-feet  with  four,  together  with  a  rudimentary 
pollex. 

Remdns  of  Rats  and  Mice  have  been  obuined  in  the  Mio- 
cene and  Pliocene  Tertiary  of  Europe,  and  the  Post-Tertiaiy 
forms  are  in  several  cases  veiy  nearly  if  not  altogether  un- 
distinguishable  from  existing  forms.  The  genus  Cricdus,  com- 
prising the  existing  Hamster,  is  represented  in  Post-Tertiary 
deposits  by  a  form  probably  identical  with  the  living  C.  vulgaris. 
The  Lemmings  {Myodes)  are  represented  by  at  least  one  species 
in  Post-Tertiary  deposits  in  Britain,  occurring  after  the  Glacial 
period,  and  being  contemporary  with  "  palaeolithic  "  man.  The 
Voles  or  Campagnols  (Arvicold)  commence  in  the  Pliocene, 
and  are  abundantly  represented  in  Post-Tertiary  deposits.  The 
Post-Glacial  deposits  of  Britain  have  yielded  remains  of  the 
Arvkela  pratmsis,  A.  agreitis,  and  A.  amphibia,  the  last  of 
which  (the  well-known  "  Water-rat ")  occurs  jUso  in  Pne- 
Glacial  accumulations. 

Fam.  6.  Dipodida. — The  sixth  family  of  the  Rodents,  which 
is  sufficiently  important  to  need  notice,  is  that  of  the  Dipodida 
or  Jerboas,  mainly  characterised  by  the  disproportionate  length 
of  the  hind-limbs  as  compared  with  the  fore-limbs.  The  tail 
also  is  long  and  hairy,  and  there  are  complete  clavicles. 
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Remains  of  a  species  of  Jerboa  (Dipus)  have  been  discoyered 
in  Miocene  deposits  in  France,  but  they  are  of  no  special  im- 
portance. 

Fam.  7.  Myoxida, — ^The  members  of  this  family  are  com- 
monly known  as  Dormice,  and  they  are  often  included  in  the 
following  family  of  the  Squirrels  and  Marmots. 

They  resemble  the  Squirrels  in  most  respects,  but  they  have 
only  four  molars  on  each  side  of  the  upper  jaw,  whereas  the 
latter  possess  five.  Two  species  of  Myoxus  have  been  detected 
in  the  Upper  Eocene  (Gypseous  series  of  Montmartre),  and  a 
third  species  has  been  determined  from  beds  of  Miocene  age. 
Several  species  have  been  detected  in  Post-Tertiary  deposits, 
of  which  the  most  remarkable  is  the  comparatively  gigantic 
Myoxus  Mditmsis  of  the  Maltese  Post-Pliocene. 

Fam,  8.  Sciurida. — ^This  is  the  last  family  of  Rodents  which 
calls  for  any  special  mention,  and  it  comprises  the  true  Squir- 
rels, the  Flying  Squirrels,  and  the  Marmots. 

The  members  of  this  family  are  distinguished  by  their  pointed 
or  compressed  incisors  and  their  tubercular  molars,  the  upper 
jaw  having  five  of  the  latter  on  each  side,  whilst  the  lower  jaw 
has  only  four.  The  genus  Sciurus,  comprising  the  true  Squir- 
rels, is  represented  from  the  Eocene  Tertiary  upwards,  but 
none  of  the  fossil  forms  are  of  special  interest.  The  genus 
Arctomys,  comprising  the  Marmots,  is  represented  in  the  Plio- 
cene by  a  single  species,  and  by  several  forms  in  the  Post- 
Tertiary.  The  Pouched  Marmots  {SpermophilusY  lastly,  ap- 
pear for  the  first  time  in  the  Miocene ;  and  Britain  possessed 
two  species  in  times  posterior  to  the  Glacial  period. 

Order  XI.  Cheiroptera. — This  order  is  undoubtedly  "  the 
most  distinctly  circumscribed  and  natural  group  "  in  the  whole 
class  of  the  Mammalia,  In  many  respects,  however,  it  would 
be  advantageous  to  regard  the  Cheiroptera  as  a  sub-order  of 
the  next  order  (namely  the  Insedivora)^  specially  modified  to 
lead  an  aerial  life ;  just  as  the  Pinnigrada  are  regarded  as  a 
mere  section  of  the  Camivora  specially  modified  to  suit  an 
aquatic  life. 

The  Cheiroptera  are  essentially  characterised  by  the  fact  that 
the  anterior  limbs  are  longer  than  the  posterior,  the  digits  of 
the  fore- limb,  with  the  exception  of  the  pollex,  being  enor- 
mously elongated  (fig.  373).  These  elongated  fingers  are 
united  by  an  expanded  membrane  or  "patagium,"  which  is 
also  extended  between  the  fore  and  hind  limbs  and  the  sides 
of  the  body,  and  in  many  cases  passes  also  between  the  hind- 
limbs  and  the  tail.  The  patagium  thus  formed  is  naked,  or 
nearly  so,  on  both  sides,  and  it  serves  for  flight    Of  the  fingers 
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of  the  hand,  the  pollex,  and  sometimes  the  next  finger  as  well, 
are  unguiculate,  or  furnished  with  claws ;  but  the  other  digits 
are  destitute  of  nails.  In  the  hind-limbs  all  the  toes  are  un- 
guiculate,  and  the  hallnx  is  not  in  any  respect  different  from 
the  other  digits.  Well-developed  clavicles  are  always  present, 
and  the  radius  has  no  power  of  rotation  upon  the  ulna.  The 
maniniaiy  glands  are  two  in  number,  and  are  placed  upon  the 
chest  There  are  teeth  of  three  kinds,  and  the  canines  are 
always  well  developed.  The  molars  are  tuberculate  or  grooved 
in  the  frugivorous  forms,  and  cuspidate  in  the  insectivorous 
species.  The  ulna  is  sometimes  quite  rudimentary.  The 
bones  are  not  pneumatic 


-J    F^.  37J.— Skelelon  of  Foic-b»i  IFIrni^y-afttr  Owen. 

The  living  Bats  are  divided  into  the  two  groups  of  the 
Frugivorous  Bats,  comprising  the  single  family  of  the  PteropUia 

(Fox-bats  or  Roussettes),  and  the  Insectivorous  Bats,  com- 
prising the  three  families  of  the  Vespcrtilionida,  the  Rhinolo- 
phida  {Horse-shoe  Bats),  and  the  Phyllostomida  (Vampire 
Bats).  The  Cheiroptera  are  represented  for  the  first  time  in 
the  Eocene  Tertiary  of  Europe,  and  that  by  a  form  very 
similar  to  the  existing  European  Bats.  The  fossil  in  question 
is  the  Vespertilio  ParisUnsis  (fig.  374)  of  the  Gypseous  series 
of  Montmartre  (Upper  Eocene).      Other  species  of  small  In- 
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sectivorous  Bats  ( Vesperiilio)  have  been  discovered  in  Miocene, 
Pliocene,  and  Post-Tertiary  deposits.  The  Horse-shoe  Bats 
(Rhinelophus)  have  as  yet  only  been  discovered  in  cave- 
deposits.  Lastly,  the  Vampire  Bats  are  represented  b^  no 
less  than  five  species  in  the  Post-Pliocene  cave^ieposits  of 
Brazil,  in  which  country  is  found  the  living  Phylhstoma 
spectrum. 


Upper  Eocene^ 


Order  XII.  Insectivoba. — The  twelfth  order  of  Mammals 
is  that  of  the  Insectivora,  comprising  a  number  of  small  Mam- 
mals which  are  very  similar  to  the  Rodents  in  many  respects, 
but  want  the  peculiar  incisors  of  that  order,  and  are  likewise 
always  furnished  with  clavicles. 

In  the  Insectivora,  alt  the  three  kinds  of  teeth  are  usually 
present,  but  the  exact  nature  of  the  dentition  varies  consider- 
ably in  different  cases.  The  incisors  and  canines  present 
little  special,  but  the  molars  are  always  serrated  with  nume- 
rous, small,  pointed  eminences  or  cusps,  adapted  for  crushing 
insects.  With  one  exception,  clavicles  are  always  present  in  a. 
complete  form.  All  the  feet  are  usually  furnished  with  five 
toes ;  all  the  toes  are  furnished  with  claws  ;  and  the  animal 
walks  on  the  soles  of  the  feet,  or  is  plantigrade. 

The  earliest  traces  of  Insectivorous  Mammals  are  in  the 
Eocene  Tertiary  (the  Spaloiodon  of  the  Upper  Eocene  of 
Hordwell,  discovered  by  Mr  Flower),     The  order,  however, 
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does  not  become  well  represented  till  we  reach  the  Miocene 
period. 

The  three  leading  families  of  the  Insectivora  are  the  Talpida 
or  Moles,  the  Soridda  or  Shrew- 
mice,  and  the Eri/iaceuia  or  Hedge- 
hogs. 

J^am,  I.  Talpida, — ^The  body  in 
this  family  is  covered  with  hair; 
the  feet  are  formed  for  digging  and 
burrowing,  and  the  toes  are  fur- 
nished with  strong  curved  claws. 

The  earliest  remains  of  Talpida  ,  Fig.  375.— insectivora.  Skuu  of 
appear  for  the  first  time  in  the  '^l^^^  "'*^*'*^°^  ^^"'^"" 
Miocene  Tertiary ;  but  they  are  of 

littie  importance.  The  common  Mole  {Talpa  Europced)  occurs 
in  Post-Pliocene  deposits  in  Britain  and  on  the  Continent. 
Several  genera  {Dimylus,  PalcBospalax^  GeotrypuSy  &c.)  have 
been  founded  upon  remains  of  Mole-like  animals  from  the 
Miocene  and  latex  Tertiary  deposits. 

Fam.  2.  Soricidce. — The  Soricidce  or  Shrew-mice  are  distin- 
guished by  having  the  body  covered  with  hair,  and  the  feet 
not  adapted  for  digging;  whilst  there  are  external  ears,  and 
the  eyes  are  well  developed.  Of  all  the  Insectivora^  no  divi- 
sion is  more  abundant  or  more  widely  distributed  than  that  of 
the  Shrew-mice.  In  general  form  and  appearance  the  Shrews 
very  closely  resemble  the  true  Mice  {Murida)  and  the  Dor- 
mice {Myoxida\  but  they  are  in  reality  widely  different,  and 
must  not  be  confounded  with  them. 

Remains  of  Shrews  (belonging  to  the  genera  Sorex,  Mysa- 
rachne,  and  Piesiosorex)  have  been  discovered  in  the  Miocene 
deposits  of  Europe.  Several  existing  species  (such  as  Sorex 
araneus  and  S,  fodiens)  occur  in  Post-Tertiary  cave-deposits 
and  ossiferous  breccias.  Lastly,  the  Desmans  (MygaU)  are 
represented  from  the  Miocene  Tertiary  onwards. 

Fam,  3.  Eriftaceida, — The  last  family  of  the  Insectivora  is 
that  of  the  Hedgehogs,  characterised  by  the  fact  that  the  upper 
part  of  the  body  is  covered  with  prickly  spines,  the  feet  are 
not  adapted  for  digging,  and  the  animal  has  mostly  the  power 
of  rolling  itself  into  a  ball  at  the  approach  of  danger. 

Several  species  of  Hedgehog  have  been  found  in  the  fossil 
state,  commencing  in  the  Miocene  Tertiary.  The  Erinaceus 
fossilis  of  the  Post-Tertiary  period,  does  not  appear  to  be 
separable  from  the  common  species  {Erinaceus  Europceus). 
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CHAPTER    XLII. 
ORDERS  OF  MAMMALIA— Concluded. 

QUADRUMANA  AND   BiMANA. 

Order  XIII.  Quadrumana. — The  thirteenth  order  of  Mam- 
mals is  that  of  the  Quadrumana,  comprising  the  Apes,  Mon- 
keys, Baboons,  Lemurs,  &c.,  characterised  by  the  following 
points  : — 

The  hallux  (innermost  toe  of  the  hind-limb)  is  separated 
from  the  other  toes,  and  is  opposable  to  them,  so  that  the 
hind-feet  become  prehensile  hands.  The  poUex  (innermost 
toe  of  the  fore-limbs)  may  be  wanting,  but  when  present,  it 
also  is  usually  opposable  to  the  other  digits,  so  that  the  animal 
becomes  truly  quadrumanous,  or  four-handed. 

The  incisor  teeth  generally  are  ,  and  the  molars 

o  J        2—2'  3 — 3 

with  broad  and  tuberculate  crowns.  Perfect  clavicles  are 
present.  The  teats  are  two  in  number,  and  are  pectoral  in 
position. 

The  Quadrumana  are  divided  by  Owen  into  three  very 
natural  groups,  separated  from  one  another  by  their  anato- 
mical characters  and  by  their  geographical  distribution  as 
follows : — 

Strepsirhina. 

This  section  of  the  Quadrumana  is  characterised  by  the 
possession  of  twisted  or  curved  nostrils,  placed  at  the  end 
of  the  snout     The  incisor  teeth  are  generally  much  modified, 

and  are  in  number as  a  rule  ;  the  premolars  are 

3—3  ^  3—3 

2 — 2 
or    ,  and  the  molars  are  tuberculate.     The  second  digit 

of  the  hind-limb  has  a  claw,  and  both  fore  and  hind  feet  have 
five  toes  each,  all  the  thumbs  being  generally  opposable.  In 
the  true  Lemurs,  all  the  digits,  except  the  second  toe  of  the 
hind-feet,  are  furnished  with  nails. 

This  section  is  often  called  that  of  the  Prosimia,  and  it  in- 
cludes several  families,  of  which  the  Aye-Ayes,  Pottos,  and 
true  Lemurs  are  the  most  important 

No  member  of  the  Strepsirhine  division  of  the  Quadrumana 
has  as  yet  been  discovered  in  the  fossil  condition.    When, 


QUADRUMANA.  465 

however,  those  regions  of  the  world  have  been  properly  ex- 
plored in  which  these  forms  occur  at  the  present  day,  we  shall 
doubtless  find  extinct  representatives  of  this  group.  The 
Strepsirhine  Monkeys,  namely,  are  at  present  confined  to 
Madagascar,  Western  Africa,  and  the  Indian  Archipelago ; 
and  these  regions  are  as  yet  almost  unknown,  palaeontologi- 
cally  speaking. 

Platyrhina. 

The  section  of  the  Platyrhine  Monkeys  is  exclusively  con- 
fined to  South  America,  and  one  of  its  leading  characters  is  to 
be  found  in  the  almost  universal  possession  of  a  prehensile 
tail ;  this  being  an  adaptive  character  by  which  the  animal 
is  suited  to  the  arboreal  life  which  so  many  of  the  South 
American  Mammals  are  forced  to  lead.  There  are  neither 
cheek-pouches  nor  natal  callosities,  and  there  is  an  additional 
praemolar,  and  sometimes  a  molar  less  than  in  man  and  the 
Old  World  Monkeys.  The  nostrils  are  simple,  wide  apart, 
and  placed  nearly  at  the  extremity  of  the  snout     The  prae- 

3 — 3 
molars  are  in  number,  and  have  blunt  tubercles.     The 

3 — 3 

thumbs  of  the  fore-hands  are  either  wanting  altogether,  or,  if 

present,  are  not  opposable,  though  versatile. 

The  fossil  remains  of  Platyrhine  Monkeys  are  only  known 
to  occur  in  South  America,  to  which  country  all  the  existing 
forms  are  confined.  Here,  in  deposits  of  late  Tertiary  or 
Post-Tertiary  age,  have  been  found  remains  of  Monkeys  re- 
ferable to  the  existing  genera  Cedus,  Callithrix^  and  lacchuSy 
along  with  a  large  form  which  constitutes  the  extinct  genus 
ProtopUhecus^  and  which  is  allied  to  the  recent  MyceUs, 

Catarhina. 

The  third  and  highest  section  of  the  Quadrumana  is  that  of 
the  Catarhina  or  Old  World  Monkeys.  In  this  section  the 
nostrils  are  oblique,  and  are  placed  close  together,  and  the 
septum  narium  is  narrow.  The  thumbs  of  all  the  feet  are 
opposable,  so  that  the  animal  is  strictly  quadrumanous.  In 
Colobus  alone  the  anterior  thumbs  (poUex)  are  wanting.  The 
dental  formula  is  the  same  as  in  man,  viz. : — 

.2 — 2        I — I      ,     2 — 2        3 — 3 

t ;  c ;  pm^ ;  m  ■?— ^  «  32. 

2 — 2        I — I  2 — 2         3 — 3 

The  incisors,  however,  are  projecting  and  prominent,  and 
the  canines — especially  in  the  males — are  large  and  pointed. 
Moreover,  the  teeth  form  an  uneven  series,  interrupted  by  a 

2  G 
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diastema  or  interval.  The  tail  is  never  prehensile,  and  is 
sometimes  absent  Cheek-pouches  are  often  present,  and  the 
skin  covering  the  tubera  ischii  is  almost  always  callous  and 
destitute  of  hair,  constituting  the  so^alled  '^  natal  callosities.'' 
With  the  single  exception  of  a  Monkey  which  inhabits  the 
Rock  of  Gibraltar,  all  the  Caiarhina  are  natives  of  Africa 
and  Asia. 

The  earliest  traces  of  the  Catarhine  Monkeys  (constituting 
the  oldest  known  relics  of  the  entire  order  of  the  Quadrumand) 
appear  in  the  Eocene  Tertiary ;  and  they  occur  only  in  the 
Old  World,  so  far  as  is  yet  known.  The  Macacus  eoccmus  of 
the  London  Clay  has  now  been  referred  to  Hyracotherium ; 
but  the  Canopithecus  Umuroides  of  Riitimeyer,  from  deposits  of 
Eocene  age,  appears  to  be  an  undoubted  Monkey.  Cctncpi- 
thecus^  however,  cannot  be  referred  with  any  certainty  to  the 


Fig.  iT6.^ljowttyxwo{ Plio^h*en*{PiiMiaa)aMH^mu,    Miocene. 

Catarhifia^  its  most  marked  affinities  being  with  the  genus 
Mycdes  on  the  one  hand,  and  the  LemuritUz  on  the  other.  In 
the  Miocene  deposits  of  Greece  occur  the  remams  of  a  Macaque 
{Afesopithecus  Pentdid) ;  and  in  deposits  of  the  same  age  in 
France  have  been  found  the  remains  upon  which  have  been 
founded  the  genera  Pliopithecus  (fig.  376)  and  Dryopithecus. 
The  former  of  these  appears  to  have  been  most  nearly  allied 
to  the  recent  genus  Semnopithecus,  in  which  case  it  must  have 
possessed  a  tail  and  cheek-pouches.  The  latter  appears  to  have 
been  more  nearly  allied  to  the  livhig  Gibbons  {Hylohates\  in 
which  case  it  must  have  been  destitute  of  a  tail  and  of  cheek- 
pouches. 

Besides  the  above,  the  Pliocene  (or  Miocene)  deposits  of 
India  have  yielded  the  remains  of  SemnopithecuSy  Macacus^ 
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and  a  form  allied  to  the  Orang.  The  Pliocene  deposits  of 
France  contain  remains  of  the  genera  Semnopithecus^  Macacus^ 
and  Cercopithecus :  zxiA  a  jaw  oi  Macacus  has  been  obtained 
from  similar  deposits  in  Essex. 

Order  XIV.  Bimana. — ^This,  the  last  remaining  order  of 
the  Mammalia,  comprises  Man  (Homo)  alone,  and  it  will  there- 
fore require  but  litUe  notice  here,  the  peculiarities  of  Man's 
mental  and  physical  structure  properly  belonging  to  other 
branches  of  science. 

Zoologically,  Man  is  distinguished  from  all  other  Mammals 
by  his  habitually  erect  posture  and  bipedal  progression.  The 
lower  limbs  are  exclusively  devoted  to  progression  and  to  sup- 
porting the  weight  of  the  body.  The  anterior  limbs  are  shorter 
than  the  posterior,  and  have  nothing  whatever  to  do  with  pro- 
gression. The  thumb  is  opposable,  and  the  hands  are  pre- 
hensile, the  fingers  being  provided  with  nails.  The  toes  of  the 
hind-limb  are  also  fiimished  with  nails,  but  the  hallux  is  not 
opposable  to  the  other  digits,  and  the  feet  are  therefore  useless 
as  organs  of  prehension.  The  foot  is  broad  and  plantigrade, 
and  the  whole  sole  is  applied  to  the  ground  in  walking. 

The  dentition  consists  of  thirty-two  teeth,  and  these  form  a 

nearly  even  and  uninterrupted  series,  without  any  interval  or 

diastema.    The  dental  formula  is — 

.2—2       I— I     ^    2—2       3—3 

'  2 — :; ;   c  - — r ;   pm  - — - ;  m  ^ — ;  =  32. 

2 — 2  I — I      ^     2' — 2  *       3 — 3        '^ 


J^*K*  377* — \  Skull  uf  the  Oraa^-outang.     B,  Skull  of  an  adult  European. 

The  brain  is  more  largely  developed  and  more  abundantly 
furnished  with  large  and  deep  convolutions  than  is  the  case 
with  any  other  Mammal  The  mammae  are  pectoral,  and  the 
placenta  is  discoidal  and  deciduate. 
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Man  is  the  only  terrestrial  Mammal  in  which  the  body  is 
not  provided  with  a  covering  of  hair. 

Pala&ontologically,  there  is  little  to  be  said  about  Man — or, 
rather,  so  much  might  be  said  on  this  subject  that  its  discus- 
sion can  only  be  properly  taken  up  in  a  special  treatise. 
Man  appeared  upon  the  earth,  so  far  as  we  know,  only  in  the 
last  or  Post-Terdary  period  of  Geology,  and  his  remains,  in 
the  form  of  bones  or  implements  of  various  kinds,  have  been 
detected  in  various  Post-Terdary  accumulations,  such  as  valley- 
gravels  and  cave-deposits.  The  chief  facts  as  to  the  past  exist- 
ence of  man  which  concern  the  palaeontological  student  may 
be  briefly  stated  as  follows : — 

1.  Man  unquestionably  existed  during  the  later  portion  of 
what  Sir  Charles  Lyell  has  termed  the  "  Post-Pliocene  "  period. 
In  other  words,  Man's  existence  dates  back  to  a  time  when 
several  remarkable  Mammals,  to  be  afterwards  mentioned,  had 
not  yet  become  extinct ;  but  he  does  not  date  back  to  a  time 
anterior  to  the  present  MoUtiscan  faima. 

2.  The  antiquity  of  the  so-called  Post-Pliocene  period  is 
a  matter  which  must  be  mainly  settled  by  the  evidence  of 
Geology  proper,  and  need  not  be  discussed  here. 

3.  The  extinct  Mammals  with  which  man  coexisted  in 
Western  Europe  are  mostly  of  large  size,  the  most  important 
being  the  Mammoth  {Elephas  primigmius)^  the  Woolly  Rhino- 
ceros (Rhinoceros  tichorhinus\  the  Cave-lion  (Fdis  spelaa\ 
the  Cave-hyaena  (By ana  spelaa\  and  the  Cave-bear  (Ursus 
spelaus).  We  do  not  know  the  causes  which  led  to  the  ex- 
tinction of  these  Post-Pliocene  Mammals ;  but  we  know  that 
no  Mammalian  species  has  become  extinct  during  the  historical 
period. 

4.  The  extinct  Mammals  with  which  man  coexisted  are  re- 
ferable in  many  cases  to  species  which  presumably  required  a 
very  different  climate  to  that  now  prevailing  in  Western  £urope. 
How  long  a  period,  however,  has  been  consumed  in  the  bring- 
ing about  of  the  climatic  changes  thus  indicated  we  have  no 
means  of  calculating  with  any  approach  to  accuracy. 

5.  Some  of  the  deposits  in  which  the  remains  of  man  have 
been  found  associated  with  the  bones  of  extinct  Mammals,  are 
such  as  to  show  incontestably  that  great  changes  in  the  phy- 
sical geography  and  surface-configuration  of  Western  Europe 
have  taken  place  since  the  period  of  their  accumulation.  We 
have,  however,  no  means  at  present  of  judging  of  the  lapse  of 
time  thus  indicated  except  by  analogies  and  comparisons  which 
may  be  disputed. 

6.  The  human  implements  which  are  associated  with  the 
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remains  of  extinct  Mammals,  themselves  bear  evidence  of  an 
exceedingly  barbarous  condition  of  the  human  species.  Post- 
Pliocene  or  "  Palaeolithic"  Man  was  dearly  unacquainted  with 
the  use  of  any  of  the  metals.  Not  only  so,  but  the  workman- 
ship of  these  ancient  races  was  much  inferior  to  that  of  the 
later  tribes,  who  were  also  ignorant  of  the  metals,  and  who 
also  used  nothing  but  weapons  and  tools  of  stone. 

7.  Lastly,  it  is  only  with  the  human  remains  of  the  Post- 
PHocene  period  that  the  palaeontologist  proper  has  to  deal. 
When  we  enter  the  "  Recent "  period,  in  which  the  remains  of 
Man  are  associated  with  those  of  existing  species  of  Mammals^ 
we  pass  out  of  the  region  of  pure  palaeontology  into  the  do- 
main of  the  Archaeologist  and  the  Ethnologist. 
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CHAPTER    XLIIL* 

General  Relations  of  Plants  to  Time. 

The  subject  of  Palaeobotany  or  Palaeophytology  is  one  which 
is  far  too  vast  to  be  treated  of  in  a  work  of  this  nature ;  whilst 
it  is  one  which  is  of  less  importance  to  the  general  student  than 
that  of  Palaeozoology.  For  this  reason,  nothing  further  will  be 
attempted  here  than  to  give  the  briefest  and  most  elementary 
outline  of  the  general  distribution  of  plants  in  past  time,  to 
which  will  be  added  a  short  summary  of  the  chief  forms  of 
vegetable  life  which  characterise  each  of  the  great  formations. 
The  following  table  shows  the  leading  groups  into  which  the 
Vegetable  Kingdom  is  divided : — 

Divisions  of  the  Vegetable  Kingdom. 

I.  Cryfi'ogamic  Plants  (Gr.  kruptos,  concealed ;  gamos,  marriage), 
distinguished  by  having  no  distinct  flowers  or  fruit.     They  include — 

a,  Tkallogens. — Ex,  Sea- weeds  {Alga)^  Lichens,  Mushrooms. 

b,  Anogens, — Ex,  Liverworts,  Mosses. 

c,  Acrogens, — Ex,  Club-mosses  (Lycqpodicuea),  Ferns,  Horse-tails  (Epfi' 
setacea). 

II.  Phanerogamic  Plants  ifjx, phanerosy  conspicuous;  gamos^  mar- 
riage), distinguished  by  having  distmct  flowers  and  seeds.  They  are 
divided  into — 

a,  Endogens, — Ex,  Grasses,  Palms,  Lilies.  These  have  ^ii^^^^^tm^  stems, 
showing  no  rings  of  growth,  and  the  young  plant  possesses  but  a  single 
seed-lobe  or  "  cotyledon."    Hence  they  are  often  called  Monocotyled(ms, 

b.  Exogens, — Ex,  Pines  and  Cycads,  with  most  ordinary  shrubs,  trees, 
and  flowering  plants.  The  Pines  and  Cycads,  with  the  fossil  SigillaruBy 
have  the  seed  naked,  and  are  hence  called  Gymnosperms  (Gr.  gumnos^  naked ; 
sperma,  seed).  Oidinary  trees  and  shrubs,  on  the  other  hand,  have  the 
seed  covered,  and  are  therefore  called  Angiosperms,  Both  the  Gymno- 
sperms and  Angiosperms  have  an  exogenous  mode  of  growth,  with  a  true 
bark  and  annual  rings  of  growth.  The  seed  also  possesses  two  seed-lobes  or 
"  cotyledons ; "  and  they  are  therefore  often  spoken  of  as  Dicotyledons, 
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The  remains  of  Plants  appear  for  the  first  time,  so  far  as  yet 
known,  in  the  Lower  Cambrian  series  i^tEophytan  of  the  Fucoi- 
dal  Sandstone  of  Sweden) ;  and  from  this  time  onward  they  are 
never  absent  altogether  from  any  of  the  great  geological  forma- 
tions. The  affinities  of  this  earliest  known  plant  are  so  dubi- 
ous that  it  cannot  be  employed  as  proving  the  first  appearance 
of  any  of  the  great  groups  of  plants.  The  Upper  Cambrian 
and  Lower  Silurian  Rocks  have  yielded  various  remains  of  ah 
unquestionable  vegetable  nature,  but  of  doubtful  affinities — ^re- 
ferred, however,  with  more  or  less  probability,  to  Sea-weeds 
("  Fucoids  ").  In  the  Upper  Silurian  Rocks  have  been  detected 
various  Sea-weeds  (Spirophytan^  &c.),  the  spore-cases  of  Lyco- 
podiaceous  plants  (Pachytheca)^  Lepidodmdron^  and  remains  of 
the  remarkable  generalised  t)rpe  Psilophyton^  which  is  in  some 
respects  intermediate  between  the  Lyccpodiacea  (Club-mosses) 
and  the  Ferns.  In  the  Devonian  period — ^as  we  now  know, 
from  the  researches  of  Dr  Dawson  of  Montreal  in  particular — 
plants  are  very  abundant,  and  belong  to  varied  types.  The 
great  group  of  the  Gymnospermous  Exogens  is  here  represented 
by  remains  of  various  Conifers  (Dadoxylany  OrmoocyUm^  and 
Prototaxites),  The  Ferns  are  represented  by  numerous  species, 
in  many  cases  not  hx  removed  from  types  now  in  existence ; 
and  it  is  interesting  to  notice  that  Tree-ferns  (Psaronius  and 
Caulopteris)  are  not  wanting  amongst  these.  T\\t  Lycopodiacea 
or  Club-mosses  are  represented  in  the  Devonian  Series  by  nu- 
merous remarkable  types,  such  as  Lepidodmdron^  Lepidaphlaios^ 
CordaiteSy  and  Lycopodites.  The  Sigillarioid  plants,  regarded 
by  diflferent  authorities  as  being  Coniferous,  or  Lycopodiaceous, 
or  as  being  intermediate  between  the  Acrogens  and  Gymno- 
sperms — are  represented  by  species  of  Sigiliaria  itself,  with  its 
Stigmaria  roots.  The  Horse-tails  or  Equisdacea  are  repre- 
sented by  species  of  the  remarkable  genus  Calatnites,  The 
genus  Anthoiithes,  commonly  supposed  to  be  the  spike  of  fruc- 
tification of  some  phanerogamic  plant,  and  now  known  to  bear 
the  probably  Gymnospermous  fruit,  Cardiocarpan — is  repre- 
sented by  two  species  in  the  Devonian  Rocks.  Lastly,  the 
Devonian  formation  of  the  State  of  New  York  has  yielded  the 
remains  of  an  Angiospermous  Exogen,  which  has  been  described 
by  Dr  Dawson,  under  the  name  of  SyringoxyUm  mirabiU, 

We  thus  see,  even  from  such  an  imperfect  summary  as  the 
above,  that  we  must  abandon  the  old  view  that  nothing  like  a 
general  and  varied  flora  existed  in  times  anterior  to  the  Coal- 
measures.  We  see  that  at  a  point  of  Palaeozoic  time  as  early 
as  that  represented  by  the  Devonian  formation,  the  earth  ex- 
hibited a  far  from  scanty  vegetation,  composed  of  true  land" 
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plants,  and  embracing  representatives  of  almost  all  the  great 
groups  of  plants  which  at  present  grow  upon  its  surface.  Thus, 
we  find  in  the  Devonian  Rocks  representatives  of  the  groups  of 
the  Horse-tails,  Club-mosses,  Ferns,  and  Gymnospermous  and 
Angiospermous  Exogens.  We  have,  however,  no  certain  re- 
presentative of  the  great  group  of  tiie  Endogens,  whilst  the 
Angiospermous  Exogens  are  luiown  by  a  single  genus  only, 
represented  by  a  single  species.  Upon  the  whole,  therefore, 
the  vegetation  of  the  Devonian  period  b  characterised  by  the 
predominance  of  Cryptogams  and  Gymnospermous  Exogens. 

Passing  on  to  the  Carboniferous  period,  we  have  to  consider 
the  largest  and  most  varied  of  the  Palaeozoic  floras,  but  one 
which  is  in  most  respects  very  similar  to  that  of  the  Devonian 
period.  Some  Devonian  genera  of  plants  do  not  pass  up  into 
the  over-lying  formation,  and  some  of  the  Carboniferous  genera 
have  not  been  recognised  in  the  Devonian  ;  whilst  hardly  any 
species  are  common  to  the  two  floras.  Still,  the  general  fades 
of  the  Carboniferous  vegetation  is  much  the  same  as  that  of 
the  Devonian ;  and  the  same  groups  predominate  in  the  former 
as  in  the  latter,  The  predominant  groups  of  plants  in  the  Car- 
boniferous Rocks  are  the  Ferns  (JRiices),  the  Sigillarioids,  the 
Lepidodendroids,  and  the  Calamites,  of  which  all  except  the 
Sigillarioids  are  certainly  Cryptogams.  Here,  also,  we  have 
the  first  instance  of  the  occurrence  of  a  Fungus  (Archagari- 
con).  The  Coniferce  are  well  represented  by  several  genera 
(ArawarioxyloHy  Dadoxylan,  &c),  but  no  remains  of  trees 
belonging  to  the  Angiospermous  Exogens  have  been  as  yet 
detected.  There  are,  however,  a  few  flowering  plants  (such  as 
the  Monocotyledonous  Pothodtes  of  the  Scotch  Carboniferous). 
Lastly,  the  Carboniferous  Rocks  have  yielded  remains  of  the 
genus  Nosggeraihia^  referred  by  Brongniart  to  the  peculiar  Gym- 
nospermous group  of  the  Cycadacece^  but  regarded  by  others  as 
belonging  to  the  Ferns. 

In  the  Permian  period,  the  vegetation  is  nearly  related  to 
that  of  the  Coal-measures.  We  have  still  numerous  Ferns 
(NeuropteriSy  PecopteriSySphenopteris)jTitt'itTTis  {Psaronius),the 
Lycopodiaceous  Lepidodatdron^  and  Calamites.  The  Conifers, 
also,  are  abundant,  and  belong  to  several  genera.  Some  of  the 
Conifers,  however  (as  Ullmanid)^  bear  genuine  cones,  and  the 
Sigillarioids,  which  are  so  characteristic  of  the  Carboniferous 
period,  have  apparently  altogether  disappeared  in  the  Permian. 

With  the  Trias  we  commence  the  great  series  of  Mesozoic 
deposits,  and  there  is  a  marked  change  in  the  vegetation  of  this 
period  as  compared  with  that  of  the  Carboniferous  and  Permian 
epochs.    The  Lepidodendroids  and  Sigillarioids  have  now  com- 
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pletely  disappeared.  The  Calamites  of  the  Coal-measures  are 
represented  by  true  Horse-tails  {Equisetiies),  Ferns  and  Coni- 
fers are  still  abundant,  and  some  of  the  latter  ( Voltzia)  are  by 
no  means  unlike  existing  forms.  Lastly,  there  is  an  abundance 
of  remains  of  Cycadaceous  plants  (Pterophyllumy  Podozamites^ 
&c.) 

The  Jurassic  and  Lower  Cretaceous  deposits  are  similarly 
characterised  by  an  abundance  of  Cycads,  Ferns,  and  Conifers, 
the  first  of  these  in  particular  constituting  a  marked  feature  in 
the  vegetation. 

In  the  Upper  Cretaceous  period  we  have  the  first  appearance, 
in  any  quantity,  of  ordinary  Angiospermous  Exogens,  similar  to 
those  which  predominate  at  the  present  day  in  the  flora  of 
temperate  regions.  Besides  Ferns  and  Cycads  more  or  less 
allied  to  Jurassic  forms,  we  have  now  numerous  Dicotyledonous 
trees,  such  as  the  Oak,  Beech,  Fig,  Poplar,  Walnut,  Willow, 
Alder,  &c.,  belonging  to  familiar  genera  now  in  existence. 
Here,  also,  we  have  the  first  appearance,  so  far  as  is  certainly 
known,  of  the  group  of  the  Palms. 

Of  the  vegetation  of  the  Tertiary  period,  it  is  sufficient  to 
remark  here  that  now  there  is  a  marked  predominance  of 
Angiospermous  Exogens  and  of  Endogens  as  compared  with 
Cryptogams  and  Gymnospermous  Exogens.  Not  only  is  this 
the  case,  but  many  of  the  Tertiary  plants  approximate  closely 
to  existing  forms,  this  approximation  becoming  more  and  more 
marked  as  we  recede  from  the  Eocene  and  approach  the  Re- 
cent period. 

Before  closing  this  brief  review  of  the  succession  of  plants 
upon  the  globe,  it  may  be  well  to  notice  shortly  a  generalisa- 
tion which  was  long  since  made  by  M.  Adolphe  Brongniart. 
This  distinguished  observer,  in  dividing  the  series  of  stratified 
deposits  in  accordance  with  the  fossil  plants  contained  in  them, 
named  the  Palaeozoic  period  the  "Age  of  Acrogens,''  the 
Secondary  period  (exclusive  of  the  Cretaceous)  the  "  Age  of 
Gymnosperms,"  and  the  Cretaceous  and  Tertiary  periods  the 
"  Age  of  Angiosperms.''  This  generalisation,  though  still  ex- 
pressing a  general  truth,  can  only  be  accepted  with  consider- 
able reservation.  Gymnosperms,  and  even  Angiosperms,  are 
not  unknown  in  the  Palaeozoic  period ;  and  if  the  Sigillarioids 
should  be  referred  to  the  former  group  of  plants,  then  the  later 
Palaeozoic  period  would  have  as  good  claim  to  be  called  the 
"  Age  of  Gymnosperms  "  as  the  Secondary  period.  Again,  as 
pointed  out  by  Sir  Charles  Lyell,  the  Lower  and  Upper  Creta- 
ceous floras  differ  firom  one  another  in  the  most  striking  manner, 
the  Lower  Cretaceous  agreeing  in  this  respect  with  the  Jurassic 
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series,  whilst  the  Upper  Cretaceous  series  is  linked  on  by  its 
plants  to  the  Tertiary  fonnations.  The  line,  therefore,  between 
the  Age  of  Gymnosperms  and  the  Age  of  Angiosperms  must 
be  drawn  between  the  Lower  and  Upper  Cretaceous,  and  not 
at  the  base  of  the  Cretaceous  series. 


CHAPTER  XLIV. 

PRE-CARBONIFEROUS  FLORAS. 

Cambrian  Plants. — The  Laurentian  and  Huronian  deposits 
have  as  yet  yielded  no  remains  of  plants ;  but  the  occurrence 
of  graphite  in  large  quantity  in  the  former  of  these  would 
strongly  support  the  view  that  the  Laurentian  period  was  not 
without  an  abundant  vegetation.  The  Lower  Cambrian  Rocks 
have  yielded  many  so-called  "  fucoids ; "  but  these  are  almost 
invariably  to  be  referred  to  the  tracks  and  burrows  of  marine 
worms.  The  only  apparently  unequivocal  plant  of  the  Lower 
Cambrian  period  is  the  Eophyion  (fig.  378)  of  the  "  Fucoidal 
Sandstone  "  of  Sweden. 

The  singular  fossils  referred  to  this  genus  consist  of  straight, 
furrowed,  and  striated  stems,  which  can  hardly  be  anything  else 
than  the  remains  of  plants.  The  affinities,  however,  of  these 
ancient  fossils  are  quite  undetermined,  except  that  it  seems 
pretty  certain  that  they  cannot  be  referred  to  the  AlgcB. 

In  the  Upper  Cambrian  Rocks  (Potsdam  Sandstone)  of 
North  America  occur  various  so-called  "  Fucoids  "  (PakBOphy- 
cus^  &C.)  The  true  nature  of  these,  however,  is  in  many  cases 
very  doubtful,  and  it  is  questionable  if  any  of  them  can  really 
be  regarded  as  plants. 

Here,  also,  we  may  briefly  consider  certain  remains  dis- 
covered by  the  author  in  the  Skiddaw  Slates  of  the  North  of 
England,  a  formation  which  is  probably  referable  to  the  Upper 
Cambrian,  but  which  good  autliorities  regard  as  belonging  to 
the  Lower  Silurian  series.  The  remains  in  question  were 
originally  referred  provisionally  to  the  genera  Buthoirephis^sA 
Eophyion^  and  the  fossils  which  led  to  the  former  determina- 
tion appear  to  be  indubitable  plants.  They  are  thus  described 
by  Dr  Dawson  in  a  note  commimicated  to  the  author : — 

I.  Buthotrephis  HarknessU^ — ^This  consists  of  what  have  been  cylindrical 
branches,  given  off  from  a  central  stem,  and  producing  a  few  branchlets  in 
the  manner  of  Pinnuiaria,    Under  the  microscope  the  branches  show  a 
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_  le  globular  concretions,  probably  ol 

appearancaa  are  rather  those  of  roots  or  slender  herbaceous  stems  than  of 
Aigse.  if  found  in  the  Coal-measuies  it  would  probably  be  regarded  as  an 
obscure  Pianuiaria. 

2.  ButhBtrepkis  radiatus. — This  shows  radiating  brmchlcts  or  leaves^ 
with  the  same  vesicular  structure  as  the  preceding,  and  having  some  re- 
wmblance  to  the  whorls  of  Annularia,  though  without  any  mi£ib. 

It  is  Quite  possible  that  both  of  the  above  may  belong  to  the  same  species. 
If  a  laud-plant,  allied  to  Annularia,  the  first  may  represent  the  roots  or  sub- 
aquatic  stems,  and  the  second  its  whorls  of  leaves.  If  an  Alga,  the  lint 
may  represent  branching  fronds,  and  the  Utter  the  fructification.  Underthe 
former  supposition,  they  may  be  compared  with  Antatlarvt  laxa  of  the 
Devonian,  and  the  radiating  root-like  bodies  associated  with  it- — (Dawson, 
'  Report  on  Devonian  Flora.')  Under  the  supposition  that  the  plants  are 
Algx,  they  may  be  compared  with  SpharococcUa  SchurttaHus  of  Goeppert, 
from  the  Lower  Silurian  (Etage  D.)  of  Bohemia,  thoueh  they  do  not  come 
under  the  technical  deiinitioa  of  Sternberg's  genus  SpiarocacciUi. 


SiLUKiAN  Plants. — The  teinains  of  plants  in  the  Silurian 
series  are  few  in  number  and  require  little  coDsideiation.     In 
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the  Lower  Silurian  Rocks  no  undoubted  traces  of  land-plants 
have  hitherto  been  detected.  The  deposits  of  this  period, 
however,  have  yielded  numerous  fossils  which  have  been  re- 
ferred to  "  Fucoids,"  under  the  generic  tides  of  Palaopkycus, 
Licrophycus,  Buthotrephis,  Phytopsis,  Sphenothallus,  &c  Some 
of  these  appear  to  be  nothing  more  than  the  tracks  of  Annel- 
ides.  Others  appear  to  be  unquestionable  plants;  but  nothing 
positive  can  be  stated  as  to  their  afRnities.  They  may  be  Al^, 
or  they  may  belong  to  plants  higher  in  the  vegetable  scale. 
Subjoined  is  an  illustration  of  a  characteristic  Canadian  species 
described  by  Mr  Billings  (fig.  379). 


In  the  Upper  Silurian  Rocks  are  also  numerous  remains  ot 
"  Fucoids "  (Arthrophycits,  Diduolites,  Chondrites,  Spirophylon, 
&c),  which  do  not  differ  in  any  important  point  from  those  ot 
the  inferior  division.  Some  of  these  can  hardly  be  anything 
but  true  plants,  and  would  certainly  seem  to  be  the  remains  of 
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genuine  Sea-weeds.  Besides  these  problematical  fossils,'  how- 
ever, the  Upper  Silurian  Rocks  have  been  shown  to  contain 
the  remains  of  genuine  land-plants.  Thus,  remains  of  the 
Lycopodiaceous  genus  Lepidodendron  (Sagenaria)  have  been 
discovered  in  the  Upper  Silurian  of  Germany  and  Bohemia. 
At  the  summit  of  the  Upper  Silurian  series  in  Britain  have 
been  detected  numerous  seed-vessels  or  "  sporangia  "  referred 
by  Hooker  to  a  Lycopodiaceous  plant  under  the  generic  title 
of  Pachytheca,  Lastly,  the  Upper  Silurian  of  North  America 
has  yielded  remains  of  the  characteristic  Devonian  genus  Psilo- 
phytorij  which  will  be  described  immediately. 

Devonian  Plants. — ^The  plants  of  the  Devonian  period 
belong  to  the  groups  of  the  Equisetaua  (Horse-tails),  Lyco- 
podiacea  (Club-mosses),  FUices  (Ferns),  Sigillarioids,  and  Cani- 
fera — the  whole  constituting  an  abundant  terrestrial  vegetation. 
Besides  the  above,  however — as  already  mentioned — the  re- 
mains of  a  true  Angiospermous  Exogen  have  in  one  instance 
been  detected  in  Devonian  strata  (Dawson). 

The  EquisdacecB  are  represented  by  species  of  the  remarkable 
genus  CalamiteSj  the  characters' of  which  will  be  briefly  spoken 
of  when  treating  of  the  Coal-plants. 

The  Lycopodiacea  are  represented  by  the  genera  Lepidoden- 
dron, Lycopodites,  Leptophlautn,  Lepidophloios,  Cordaites,  and 
Psilophyton,  The  Lepidodendroids  will  be  shortly  discussed 
under  the  head  of  the  plants  of  the  Carboniferous  series  \  but 
Cordaites  and  Psilophyton  merit  special  notice  here.  The 
genus  Cordaites  is  common  both  to  the  Devonian  and  the 
Carboniferous  formations,  and  includes  broad,  striated,  parallel- 
veined  leaves,  which  are  extremely  abundant  in  certain  beds. 
They  possess  broad  clasping  bases,  and  may  attain  a  length  of 
a  foot  and  a  breadth  of  as  much  as  three  inches.  Their  affini- 
ties are  disputed;  but  they  are  regarded  by  Dr  Dawson  as 
referable  to  some  Lycopodiaceous  plant. 

The  genus  Psilophyton  of  Dawson  (fig.  380)  commences  its 
existence  in  the  Upper  Silurian  Rocks;  but  it  is  character- 
istically Devonian,  and  is  not  known  to  be  represented  in  the 
Carboniferous  period.  The  following  is  given  by  Dr  Dawson 
as  the  definition  of  the  genus  : — 

"  Stems  branching  dichotomously,  and  covered  with  inter- 
rupted ridges.  Leaves  rudimentary,  or  short,  rigid,  and  pointed ; 
in  barren  stems,  numerous  and  spirally  arranged;  in  fertile 
stems  and  branchlets,  sparsely  scattered  or  absent ;  in  decor- 
ticated specimens  represented  by  minute  punctate  scars.  Young 
branches  circinate ;  rhizomata  cylindrical,  covered  with  hairs 
or  ramenta,  and  having  circular  areoles  irregularly  disposed. 
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giving  origin  to  slender  cylindrical  rootlets.  Internal  structure 
— an  axis  of  scalariform  vessels,  surrounded  by  a  cylinder  of 
parenchymatous  cells,  and  by  an  outer  cylinder  of  elongated 
woody  cells.  Fructification  consisting  of  naked  oval  spore- 
cases,  borne  usually  in  pairs  on  slender  curved  pedicles,  either 
lateral  or  terminal." 

Species  of  Psilophyton  occur  all  through  the  Devonian  series 
of  North  America,  and  they  are  also  not  wanting  in  the  Old 
Red  Sandstone  of  Britain.  The  genus  is  regarded  by  Dr 
Dawson  as  comprising  "synthetic  or  generalised  plants,  having 
rhizomata  resembling  those  of  some  ferns,  stems  having  the 
structure  of  Lycopodiumj  and  rudimentary  leaves  also  resem- 
bling those  of  Lycopodiacea^  branchlets  with  circinate  verna- 
tion like  that  of  Ferns,  and  sporangia  of  a  type  quite  peculiar 
to  themselves." 

The  Ferns  of  the  Devonian  period  are  very  numerous,  and 
upon  the  whole  present  a  close  resemblance  to  those  of  the 
Carboniferous  period.  The  smaller  forms  are  represented  by 
such  genera  as  Cyclopteris,  Neuropteris^  Sphenopteris^  Alethop- 
teris,  PecopteriSy  &c.  Besides  these,  however,  there  occur  the 
trunks  of  large  Tree-ferns,  which  are  referred  to  the  genera 
Psaronitis,  Caulopteris^  and  Protopteris,  Subjoined  is  an  illus- 
tration of  a  Fern  from  the  Devonian  of  Europe  (fig.  381). 

The  Sigillarioids  of  the  Devonian  series  comprise  forms 
referable  to  the  well-known  genera  Sigillaria  (with  Stigmaria) 
and  Calamodendron  ;  though  the  affinities  of  the  last  are  not 
well  understood.  The  characters  of  these  genera  will  be 
noticed  in  treating  of  the  plants  of  the  Carboniferous  series. 

The  Coniferce  of  the  Devonian  Rocks  belong  to  the  genera 
Dadoxylotiy  Ormoxyion,  and  Prototaxites.  All  of  these  are 
exogenous  trees  with  concentric  rings  of  growth,  and  the  two 
former  are  undoubtedly  Coniferous,  as  their  woody  tissue 
exhibits  discs  under  the  microscope.  Prototaxites,  unlike  the 
preceding,  occurs  in  the  Lower  Devonian  series,  and  is  there- 
fore the  oldest  Exogenous  tree  at  present  known  to  us.  The 
woody  fibres  do  not  exhibit  punctations,  and  there  is  there- 
fore some  doubt  as  to  the  exact  position  of  this  genus. 

In  addition  to  the  preceding  forms,  the  Devonian  Rocks  have 
yielded  examples  of  the  fossils  known  as  Siembergia^  Cyperites, 
Aster ophyllites^  Annularia^  Pinnularia^  Cardiocarpon^  and  TH- 
gonocarpon.  Of  these,  the  genus  Stembergia  comprises  cylin- 
drical, transversely-marked  fossils,  which  are  now  known  to 
be  nothing  more  than  the  casts  of  the  pith-cylinders  of  other 
plants.  They  seem  chiefly  to  belong  to  Conifers  of  the  genus 
Dadoxylofty  but  they  are  referable  also  to  Sigillaria^  and  even 
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to  Lepidodendron.     When  the  plant  to  which  they  belong  is 
itself  preserved,  there  is  no  diiliculty  in  recognising  the  true 
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nature  of  the  Strrnbergia;  but  when  the  outer  wood  has  been 
denuded,  it  becomes  almost  impossible  to  determine  to  what 
plant  they  may  have  belonged.  The  genus  CyperiUs  comprises 
elongated  linear  leaves,  which  appear  truly  to  be  the  leaves 
of  Sigiilaria.  The  genus  AsterophylUtes  (fig.  382)  comprises 
elegant  plants  with  ribbed  and  jointed  stems.  The  joints  of 
the  stems  give  off  verticils  of  leaves,  or  branchlets  bearing 
whorls  of  leaves,  which  are  narrow,  elongated,  and  furnished 
with  a  single  midrib.  This  genus  is  not  only  found  in  the 
Devonian  Series,  but  is  commonly  represented  in  the  Coal- 
measures,  to  which  the  species  here  figured  belongs.  ' 

The  genus  Annularia  comprises  plants  which  are  of  doubt- 
ful affinities,  but  which  possessed  slender  stems  bearing  at  in- 
tervals whorls  of  leaves.     The  Annularis  appear  to  have  been 
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floating  plants,  and  they  occur  in  both  the  Devonian  and 
Carboniferous  fomiations. 


Fig.  3%t.—Aiirrv/iyliiUi/i!Jiftiu.    CotiliiKUiire*.    (AAcrliitdler  ^itd  Hntton.) 

The  fossils  known  as  ./%i«»^»^  are  slender  stem-lilce  bodies, 
with  a  smooth  or  striate  surface,  producing  at  right  angles  long 
slender  branchlets.  The  genus  JPinnuiaria  is  regarded  by 
Dawson  as  being  founded  upon  the  roots  of  other  plants,  such 
as  Asterophyllites  or  Calamites, 

Lastly,  we  find  in  the  Devonian  Rocks  the  little  fruits 
known  as  Cardiocarpon  and  Trigo?wcarp<m,  which  are  so  abun- 
dant in  the  Coal-measures.  The  Cardiocarpa  appear  mostly 
to  have  been  winged  achenes  or  "samaras;"  but  it  is  not 
altogether  certain  by  what  plants  they  were  produced.  It  is 
now  known,  however,  that  the  so-called  Antholithes  consists  of 
a  spike,  bearing  Cardiocarpa  protected  by  bracts ;  and  there  is 
a  considerable  probability  that  they  were  produced  by  Sigil- 
larioid  trees.  Trigonocarpon  (fig.  383) 
comprises  nut-iike  fruits,  often  of 
considerable  size,  and  commonly 
three- or  six-  angled.  The  exterior  of 
the  fruit  was  probably  fleshy,  and  well- 
preserved  specimens  show  the  integu- 
ments, and  the  internal  cavity  at  one 
t\%.'}^x.—TrigoH<xarfvumx-  time  filled  by  the  albumen  and  em- 
Undioy  and  HunoiiT  "'  bryo.  Trigotiocarpon  is  probably  the 
fruit  of  a  Conifer,  and  it  shows  a  de- 
cided resemblance  to  the  solitary  fruit  of  the  existing  Taxoid 
genus,  SalUburia.  Possibly,  however.  Dr. Dawson  is  correct 
in  his  conjecture  that  most  of  the  Trigonocarpa  belonged  really 
to  Sigillarioid  plants. 
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CHAPTER  XLV. 

THE  CARBONIFEROUS  AND  PERMIAN  FLORAS, 

Carboniferous  Plants. — The  most  extensive  and  the  best 
known  of  the  Palaeozoic  Floras  is  that  which  flourished  during 
the  Carboniferous  period.  At  this  time  were  formed  those 
vast  accumulations  of  vegetable  matter  which  we  know  as 
coal;  and  much  of  our  information  as  to  the  Carboniferous 
plants  is  due  to  the  value  of  coal,  and  to  the  vigour  with  which 
coal-mining  has  been  prosecuted. 

Coal  consists  of  nearly  pure  carbon,  with  varying  proportions  of  hydrogen 
and  oxygen  and  a  small  quantity  of  mineral  matter.  1  he  following  are  the 
conclusions  arrived  at  by  Dr  Dawson  as  to  the  minute  structure  of  coal : — 
I.  The  so-called  ''mineral  charcoal  ''or  '*  mother  coal ''  consists  chiefly  of 
"  bast-tissue  "  or  of  elongated  cells  derived  from  the  inner  bark  of  Sigillaria 
and  L^tidodendra,  2.  Besides  the  above,  the  mineral  charcoal  contains  in 
manv  instances  scalariform  tissue  derived  from  Ferns,  Si^lana,  Lepido- 
denaruy  &c.  3.  The  coarse  and  laminated  portions  of  the  coal  are  made 
up  of  vascular  bundles,  derived  apparently  in  the  main  from  Ferns,  along 
with  other  vegetable  fragments,  and  in  some  cases,  though  not  to  a  great 
extent,  the  sporangia  of  some  of  the  Carboniferous  Cryptogams.  4.  In 
manv  parts  of  the  coal  occur  discigerous  or  punctated  woody  fibres,  be- 
longing to  Dadoxylon,  Sigillaria^  and  Calamodendron,  5.  A  considerable 
portion  of  the  coal  is  made  up  of  "  epidermal  tissue,"  which  is  '*a  dense 
cellular  tissue  representing  tne  outer  integuments  of  various  leaves,  herba- 
ceous stems,  and  fruits."  6.  The  layers  of  bright  shining  coal  are  com- 
posed of  the  flattened  stems,  and  chiefly  of  the  bark,  of  Sigillaria  and 
other  trees.  7.  Some  layers  of  coal  are  occasionally  composed  mainly  of 
the  compressed  leaves  of  CordaiUs,  8.  Sponmgia  are  often  present  in 
coal ;  but  they  rarely  exist  in  such  a  proportion  as  to  any  extent  actually  to 
form  the  coal  themselves. 

As  has  been  already  observed,  the  types  of  plants  which 

are  found  in  the  Carboniferous  Rocks  are  to  a  great  extent 

identical  with  those  which  composed  the  Devonian  flora. 

Specifically,  however,  the  coal-plants  are  almost  always  distinct 

from  the  Devonian  forms.      The  number  of  plants  already 

known  to  have  existed  during  the  Carboniferous  period  is  so 

great,  that  nothing  more  can  be  done  here  than  to  draw  the 

attention  of  the  student  to  some  of  the  more  important  and 

characteristic  types. 

a,  FUices,  —  The  Ferns  of  the  Carboniferoifhe  Calatnites 

.   extremely  numerous,  and  include  both  herbace  and  from  the 

^i>-   the  majority  of  existing  species,  and  arborescen,  long,  narrow, 

tn,  . ..  -^  the  living  Tree-ferns  of  New  Zealand.  ^^Tharing  whorls  of 

'rtf^  ' V  .to^the  genera  Psaronius,  Cauloptcris,  and  Palaoj^rawzs  hollow, 

^  X'/    the  two  former  occur  in  the  older  Devonian  pe  joints,  and  it 


486  PALEOBOTANY. 

smaller  ferns,  the  genera  Sphenopieris,  Pecopterh,'  AltthopUrU, 
Odontopteris,  Neuropteris,  Hymenopkyllites,  and  Cychpteris  may 
be  mentioned  as  the  most  iniportant  and  widely  distributed. 
In  the  genus  Neuropterh  (tig.  384)  the  midrib  of  the  leaflets  is 
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evanescent,  etflicr  not  distinct,  or  disappearing  towards  the 
apex.  Species  of  this  genus  jire  found  in  the  Coal-formation 
over  almost  the  whole  world.  In  A/eihopteris  the  leaflets  are 
lindiw'^' Huito^''"  b^^s  'o  the  stem  and  to  one  another,  andi 
ith  a  very  distinct  midrib  from  which  the  veins 
f  cidcd  resembfearly  at  right  angles.  The  commonest  species 
genus,  SalisbtA^^^^  Alethopteris  {Pecopteris)  lonchitica,  which" 
in  his  conjecti'S  the  living  Brackens  {Pteris  aquilina).  Nearly . 
to  Sigillaripid  ""'""i^  is  the  genus  Pecopteris,  which  includes  a  • 


....a 
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large  number  of  characteristic  Carboniferous  species.  In 
Odoniopteris  (fig.  385)  the  frond  is  pinnate,  the  leaflets  being 
attached  by  their  entire  bases,  and  the  veins  are  generally 
given  ofiffrom  the  base.  The  s'fecies  here  figured  is  a  widely- 
distributed  one,  occurring  in  both  Europe  and  North  America. 


..•/t- 


Fig,  Hi.—OttmilspltHt  Sckitthtlmii.    Cacboniferous  of  Europe  and  North  Ai 


In  the  genus  Sfhaioplerts,  the  leaflets  are  narrow  towards  their 
bases,  often  assuming  a  wedge-like  form,  the  nervures  dividing 
in  a  pinnate  manner  from  the  base. 

Lastly,  in  the  genus  Hymenophylliies  the  frond  exhibits  a 
general  resemblance  to  Sphenopteris,  but  the  margin  is  divided 
into  lobes,  into  each  of  which  a  single  nervure  is  continued. 

b.  CalantiUs. — Amongst  the  commonest  and  most  charac- 
teristic of  the  plants  of  the  Carboniferous  period  are  the 
striated  fossils  which  are  known  as  CaJamites.  Long  as  these 
have  been  known,  and  carefully  as  they  have  been  studied, 
there  is  still  no  unanimity  of  opinion  as  to  the  affinities  of 
these  plant?.  The  prevalent  modern  view,  however,  is  that 
Calamites  are  truly  referable  to  the  Equisetaax,  and  that  they 
may  be  regarded  as  gigantic  Horse-tails — though  they  differ 
in  many  respects  from  any  existing  forms.  The  CalamUes 
"  slender,  ribbed,  and  jointed  externally,  and  from  the 


.  joints  there  proceeded,  in  some  of  the  species,  long,  narrow, 

^'^  simple  branchlets  ;  and,  in  others,  branches  bearing  whorls  of 

smaJI  branchlets  or  rudimentary  leaves.     The  stem  was  hollow, 

with  thin  transverse  floors  or  diaphragms  at  the  joints,  and  it 
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had  DO  true  wood  and  bark,  but  only  a  thin  external  shell  of 
fibres  and  scalariform  vessels.    The  Caiamita  grew  in  dense 


(If.  3lti.—CalamUB  camu^n 


brakes  on  the  sandy  and  muddy  flats,  subject  to  inundation, 
or  perhaps  even  in  the  water,  and  they  had  the  power  of 
budding  out  from  the  base  of  the  stem,  so  as  to  fonn  clumps 
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of  plants,  and  also  of  securing  their  foot-hold  by  numerous 
cord-like  roots  proceeding  from  various  heights  on  the  lower 
part  of  the  stem.  The  fruit  was  a  long  cone  or  spike,  bearing 
spore-cases  under  scales"  (Dawson,  Acadian  Geology,  p.  441). 
Besides  the  true  CalamiteSy  the  Carboniferous  Rocks  have  also 
yielded  the  remains  of  the  genus  Equisetites^  which  differed 
from  the  Caiamites^  and  agrees  with  the  existing  Horse-tails 
in  having  sheaths  at  the  joints. 

Calamites  often  attain  a  comparatively  gigantic  size — twenty 
feet  or  more  in  length ;  and  though  they  generally  occur  as 
prostrate  and  flattened  stems,  they  are  not  uncommonly  found 
in  an  erect  and  uncompressed  condition,  standing  as  they  grew. 
The  fossils  known  as  Asterophyllites  have  been  referred  to 
CalamiteSy  of  which  they  were  at  one  time  supposed  to  consti- 
tute the  foliage ;  but  this  opinion  has  been  shown  to  be  pro- 
bably incorrect 

c,  Calamodmdron, — ^A  good  deal  of  the  confusion  which  has 
prevailed  as  to  the  true  nature  of  Calamites  appears  to  have 
arisen  out  of  the  problematic  fossils  now  generally  referred  to 
the  genus  Calamodendron,  As  ordinarily  found,  Calamodmdra 
present  themselves  in  the  form  of  jointed  and  longitudinally- 
ribbed  cylindrical  stems,  which  are  hardly  separable  from 
Calamites^  except  that  they  show  no  "areoles,"  or  points 
whence  leaves  or  branchlets  have  been  given  off.  From  the 
examination,  however,  of  complete  specimens,  it  has  been 
shown  that  Calatnodendron^  as  thus  constituted,  is  really  nothing 
more  than  the  cast  of  the  pith  or  medullary  cavity  of  a  com- 
plex woody  stem,  thus  resembling  in  its  nature  the  fossils 
known  as  Stembergia,  Round  the  internal  axis  thus  consti- 
tuted there  is  found  in  perfect  examples  a  thick  woody  envel- 
ope, composed  of  ligneous  wedges  arranged  concentrically  and 
separated  by  intervening  tracts  of  cellular  tissue  (or  "  medul- 
lary rays  ").  The  external  surface  of  the  stem  is  not  known, 
but  the  woody  wedges  are  stated  to  consist  of  "  elongated 
cells,  and  porous,  discigerous,  or  pseudo-scalariform  tissue." 
The  affinities  of  Calamodmdron  are  uncertain.  It  is  regarded 
by  different  authorities  as  belonging  to  the  Gymnospermous 
Exogens  or  to  the  Acrogens,  or  as  a  connecting  form  between 
these  groups.  In  any  case,  it  is  necessary  to  distinguish  very 
carefully  between  Calamodendron  and  Calamites^  the  latter 
being  clearly  separated  by  the  absence  of  a  woody  envelope, 
and  the  presence  of  whorled  leaves  or  branchlets  at  the  arti- 
culations of  the  stem. 

d,  Lepidodendroids, — Under  this  head  we  have  to  consider 
the  gtntxdiLepidodendron  zxid  I/pidophloioSy  generally  regarded 
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as  gigantic  extinct  members  of  the  Club-moss  family  {Lycspth 
tiiacea).    The  genus  Lepidodaidron  (fig.  387)  comprises  nume- 


Sttmbtrtii.    Cubrailfcrctut. 


rous  laige  arborescent  plants,  which  attain  their  maximum  in 
the  Carboniferous  period,  but  which  appear  to  commence  in 
the  Upper  Silurian,  and  are  well  represented  in  the  Devonian. 
The  tnmk  in  some  cases  reached  a  length  of  fifty  feet  or  more, 
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and  the  branches  are  given  ofif  in  a  regular,  bifurcating  manner. 
The  bark  is  marked  with  numerous  rhombic  or  oval  scars, 
arranged  in  quincunx  order,  and  indicating  the  points  where 
leaves  were  formerly  attached.  The  branches  were  covered 
with  slender,  pointed  leaves,  closely  crowded  together;  and 
the  fructification  was  carried  at  the  ends  of  the  branches  in 
the  form  of  cones  or  spikes.  These  cones  have  generally  been 
described  under  the  name  of  Lepidostrobi ;  and  they  consist  of 
a  central  axis,  surrounded  by  imbricated  scales  or  bracts,  each 
of  which  supports  a  sporangium  or  spore-case.    • 

In  internal  structure,  Lepidodmdron  possesses  a  large  cen- 
tral pith,  surrounded  by  a  continuous  sheath  of  scalariform 
vessels.  Outside  this,  again,  is  a  thick  bark,  composed  mainly 
of  elongated  fibres  or  "  bast-tissue,''  with  a  thin  dense  outer 
rind. 

The  genera,  or  sub-genera,  Sagenaria^  Knorria,  and  Aspidiariay 
are  properly  to  be  referred  to  Lepidodmdron,  The  genus  Le- 
pidophloios^  however,  is  represented  in  both  in  Devonian  and 
Carboniferous  Rocks  by  forms  which  are  generically  distinct 
from  Lepidodendron,  The  genus  includes  Lycopodiaceous 
trees  which  have  "  thick  branches,  transversely  elongated  leaf- 
scars,  each  with  three  vascular  points,  and  placed  on  elevated 
or  scale-like  protuberances,  long  one-nerved  leaves,  and  large 
lateral  strobiles  in  vertical  rows  or  spirally  disposed "  (Daw- 
son). 

e,  Sigiiiarioids, — The  three  chief  genera  included  under  this 
head  are  Sigiilaria,  Rhytidoiepis,  and  Favularia^  of  which  the 
first  is  the  most  important.  The  Sigillarioids  commence  their 
existence,  so  far  as  known,  in  the  Devonian  period,  but  they 
attain  their  maximum  in  the  Carboniferous ;  and — unlike  the 
Lepidodendroids — they  are  not  known  to  occur  in  the  Per- 
mian period.  They  are  comparatively  gigantic  in  size,  often 
attaining  a  height  of  from  thirty  to  fifty  feet  or  more;  but 
though  abundant  and  well  preserved,  great  divergence  of 
opinion  prevails  as  to  their  true  aflftnities.  The  name  of  Sigil- 
larioids (Lat.  sigiiia,  little  seals  or  images)  is  derived  from  the 
fact  that  the  bark  is  marked  with  seal-like  impressions  or  leaf- 
scars  (fig.  388). 

According  to  Dawson,  Sigillaria  proper  is  distinguished  by 
its  strong  ribs,  "which  are  usually  much  broader  than  the 
oval  or  elliptical  tripunctate  areoles,  and  are  striated  longi- 
tudinally." The  stem  consists  of  a  central  pith,  which  is  trans- 
versely partitioned,  as  in  the  so-called  Sternbergice,  The  pith 
is  surrounded  by  a  woody  cylinder,  consisting  of  ligneous 
wedges,  composed  of  punctated  (discigerous)  and  scalariform 
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vessels,  and  separated  by  medullary  lays.  Outside  the  woody 
axis  is  an  inner  bark  composed  of  long  durable  fibres  of 
"  bast-tissue,"  the  whole  surrounded  by  a  thick  outer  bark  of 
dense  cellular  tissue,  "  The  trunk  when  old  lost  its  regular 
ribs  and  scars,  owing  to  expansion,  and  became  furrowed  like 
that  of  an  Exogenous  tree."  The  roots,  as  will  be  seen  im- 
mediately, constitute  the  fossils  known  as  Stigmaria.     The 


Fig.  38B.— Fiagmini  tXSigiUarui  Gnriiri.    Thi  left-hand  figure  shows  a  mull 
poruon  cnUiged.    CArbodfeTOUA. 

leaves  are  believed  to  be  the  so-called  Cyperita,  long,  narrow, 
rigid,  and  two-  or  three-  nerved.  The  fruits  are  supposed  to 
be  Trigonocarpa,  "  borne  in  racemes  on  the  upper  part  of  the 
stem."  Upon  the  whole,  Dr  Dawson  is  disposed  to  adopt  the 
view,  originally  put  forth  by  Brongniart,  that  the  Sigiiiaria: 
find  their  nearest  living  allies  in  the  Cycads,  and  that  if  not 
actually  referable  to  the  Gymnospermous  Exogens,  they  may 
be  intermediate  between  these  and  the  higher  Acrogens. 

Mr  Carruthers,  on  the  other  hand,  describes  Sigil/aria  as 
consisting  of  a  central  cellular  pith  or  medulla,  surrounded  by 
a  sheath  consisting  wholly  of  scalarifoim  vessels,  the  whole 
enveloped  in  an  external  cortical  mass  of  celiular  tissue.  The 
medullary  sheath  is  perforated  by  meshes  for  the  passage  out- 
wards of  the  vascular  bundles  which  go  to  the  axial  appendages 
(the  leaves  and  branches) ;  but  there  are  no  true  medullary 
lays.  Upon  these  grounds,  Mr  Carruthers  decides  against 
the  view  that  Sigiiiaria  is  a  Gymnospermous  Exogen,  and  he 
regards  it  as  Cryptogamic  and  Lycopodiaceous.     He  also  dis- 
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credits  the  assertion  that  discigerous  tissue  is  present,  and 
describes  the  fruit  as  consisting  of  cones  or  strobiles. 

Leaving  the  botanical  position  of  Sigiilaria  thus  undecided, 
we  find  that  it  is  now  almost  universally  conceded  that  the 
fossils  originally  described  under  the  name  of  Siigmaria  are 
the  roots  of  Sigi/laria,  the  actual  connection  between  the  two 
having  been  in  numerous  instances  demonstrated  in  an  un- 
mistakable manner.  The  Siigmaria  {fig.  389)  ordinarily  pre- 
sent themselves  in  the  form  of  long,  compressed  or  rounded 


Fig.  3S9- — Slifnuiriajieffula-    QuatIct 


fragments,  the  external  surface  of  which  is  covered  with 
rounded  pits  or  shallow  tubercles,  each  of  which  has  a  little 
pat  or  depression  in  its  centre.  From  each  of  these  pits  there 
proceeds,  in  perfect  examples,  a  long  cylindrical  rootlet ;  but 
in'  many  ca^es  these  have  altogether  disappeared.  In  its 
;ihtemal  structure,  Siigmaria  exhibits  a  central  pith  surrounded 
,b/ !a  sheath  of  scalariform  vessels,  the  whole  enclosed  in  a 
cellular  envelope.  The  Stigmaria  are  generally  found  ramify- 
ing in  the  "underclay,"  which  forms  the  floor  of  a  bed  of  coal, 
and  which  represents  the  ancient  soil  upon  which  the  Sigiliaria 
grew. 

Of  the  remaining  genera  of  the  Si^llarioids,  Rhytidolepis  is 
the  most  important.  It  is  charactensed  by  the  possession  of 
large,  hexagonal,  tripunctate  areoles,  and  narrow,  often  trans- 
versely striate  ribs.  In  Favularia,  lastly,  the  smaller  branches 
were  destitute  of  ribs,  with  elliptical,  spirally-disposed  areoles. 
The  stem  branched  dichotomou sly— like  that  of  a  Lfpidodm- 
dron — and  the  leaves  were  broad,  with  numerous  parallel  veins, 
approximating  to  the  leaves  of  Cordaites. 

f.  Conifera. — True  Conifers  have  long  been  known  to  occur 
in  the  Carboniferous  Rocks.  They  belong  to  the  genera 
Dadoxylon,  Palaoxylon,  Araucarioxylon,  and  Pinites.     They 


494  PAL.«OBOTANY. 

• 

are  recognised  by  the  great  size  and  concentric  rings  of  their 
prostrate,  rarely  erect  trunks,  and  by  the  fact  that  the  micro- 
scope exhibits  punctated  fibres  in  their  wood.  Their  fruit  is 
unknown,  unless,  as  is  very  probable,  it  is  constituted  by  the 
so-called  Trigotwcarpa,  If  this  be  the  case,  the  Carboniferous 
Conifers  must  have  been  "  Taxoid,"  resembling  the  recent 
Yews  in  producing  berries  instead  of  true  cones.  The  so- 
called  SternbergicBy  as  has  been  already  pointed  out,  are  "  pith- 
cylinders,"  or,  in  other  words,  casts  of  the  pith,  of  Dadoxylon. 
They  appear,  however,  to  belong  also  to  Sigillaria  and  Lepido- 
phloios. 

g.  Cycadacea,  —  The  peculiar  group  of  Gymnospermous 
Exogens  represented  at  the  present  day  by  the  Cycads  is  not 
known  with  certainty  to  be  represented  in  the  Carboniferous 
Rocks.  Nceggeraihia  has  been  referred  here,  and  the  Cyca- 
daceous  genus  PteropJiyllutn  has  also  been  alleged  to  occur. 
Brongniart  has  also  conjectured  that  the  Sigiliarioids  are  in 
reality  most  nearly  allied  to  the  Cycadacea  ;  and  this  opinion 
is  supported  by  other  high  authorities. 

//.  Angiospermous  Exogens, — The  occurrence  of  true  Angio- 
sperms  in  the  Carboniferous  period  is  very  doubtful.  No 
Exogenous  wood  which  is  not  Coniferous  has  been  as  yet 
detected.  The  fossil  known  as  Aniholithes^  which  was  at  one 
time  conjectured  to  be  possibly  the  infloresence  of  an  An- 
giosperm,  has  now  been  shown  to  be  really  a  raceme  bearing 
the  fruit  termed  Cardiocarpon ;  and  it  remains  uncertain  to 
what  plant  this  really  belongs. 

/.  Monocotyledons,  —  The  occurrence  of  Endogens  in  the 
Coal-formation  is  also  attended  with  some  uncertainty.  The 
genus  Nczggerathia  has  sometimes  been  referred  to  the  Palftis, 
and  the  same  group  has  been  asserted  to  be  represented  by 
species  of  Faimacites.  The  only  apparently  unequivocal  proof 
of  the  occurrence  of  Carboniferous  Endogens  is,  however, 
aflforded  by  the  so-called  Fothocites,  which  appears  to  have 
been  the  spadix  of  an  Aroideous  plant. 

Permian  Plants. — ^The  Permian  Flora  is,  upon  the  whole, 
very  nearly  allied  to  that  of  the  Coal-measures,  though  the 
Permian  species  are  mostly  distinct,  and  there  are  some  new 
genera.  Thus,  we  find  species  of  Lepidodendrony  Calamites^ 
EqtiisetiteSy  Asterophyllites^  Annulariay  &c — all  genera  which 
are  highly  characteristic  of  the  Carboniferous  period.  On  the 
other  hand,  the  Sigiliarioids  of  the  Coal  appear  to  have  finally 
passed  away  with  the  close  of  the  Carboniferous  period 

Ferns  are  abundant  in  the  Pemiian  Rocks,  and  belong  for 
the  most  part  to  the  well-known  Carboniferous  genera  Alethcp- 
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teris,  Neurgpteris,  Sphenopteris,  and  Pecopteris.     There  are  also 
Tree-fems  referable  to  the  genus  Psaronius.     The  singular 


genus  Nasgfothia  (fig.  390)  is  also  represented  in  the  Permian 
Rocks. 


(AfkBTOultur.) 

The  Conifers  of  the  Permian  period  are 


the  Pcnnijui  of  Sarony. 

and 
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belong  in  part  to  Carboniferous  genera.  A  characteristic 
genus,  however,  is  Waichia  (fig.  391),  distinguished  by  its  lax 
short  leaves.  This  genus,  though  not  exclusively  Permian,  is 
mainly  so,  the  best-known  species  being  the  W.  pinif&rmis. 
Here,  also,  we  meet  with  Conifers  which  produce  true  cones, 
and  which  differ,  therefore,  in  an  important  respect  from  the 
Taxoid  Conifers  of  the  Coal-measures.  One  of  the  most 
characteristic  of  these  is  the  Ullmania  s^ginoides,  which  oc- 
curs in  the  Magnesian  Limestone  of  Durham,  the  Middle 
Permian  of  Westmorland,  and  the  "  Kupfer-schiefer "  of 
Germany. 


CHAPTER    XLVI. 

FLORAS  OF  THE  SECONDARY  AND  TERTIARY 
PERIODS. 

Triassic  Plants.  — With  the  Trias  we  commence  what  has 
been  aptly  termed  the  "Age  of  Cycads,"  from  the  predomi- 
nance of  the  plants  of  this  group  in  the  Mesozoic  vegetation. 
The  Cycads  are  a  group  of  Gymnospermous  Exogens,  the 
form  and  habit  of  growth  of  which  present  considerable  re- 
semblance to  those  of  young  Palms  (fig.  392).    The  trunk  is 


unbranched,  often  shortened,  and  bearing  a  crown  of  pinnate 
fronds.  The  leaves  are  usually  "circinate" — that  is,  they  un- 
roll in  expanding,  like  the  fronds  of  Fems.  The  ovules  are 
borne  upon  the  edge  of  altered  leaves,  or  are  carried  on  the 
scales  of  a  cone.      All  the  existing  species  of  Cycads  are 
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natives  of  warm  countries,  occurring  in  South  America,  the 
West  Indies,  Japan,  Australia,  Southern  Asia,  and  South 
Africa.  As  has  been  already  remarked,  the  occurrence  of 
genuine  Cycads  in  the  Carboniferous  vegetation  has  not  been 
demonstrated,  and  the  same  holds  good  of  all  the  Palaeozoic 
floras.  True  Cycads,  therefore,  so  far  as  known,  make  their 
first  appearance  in  the  Trias,  at  the  commencement  of  the  Me- 
sozoic  period,  where  they  are  represented  by  the  genera  Ptero- 
phyllum,  Zamites,  and  Podozamites.  Cycads  continue  to  be 
abundantly  represented  throughout  the  whole  Mesozoic  series; 
but  they  have  only  been  detected  by  a  single  dubious  example 
in  strata  of  Tertiary  age.  The  name  "  Age  of  Cycads,"  as 
applied  to  the  Secondary  epoch,  is,  therefore,  from  a  botanical 
point  of  view,  an  exceedingly  appropriate  one. 

Besides  Cycads,  the  Triassic  Rocks  have  yielded  the  re- 
mains of  Ferns,  EquiseHtes,  CaJamites,  and  Conifers.  The 
Ferns  belong  mostly  to  the  genera 
NeuropteriSf  Pecopieris,  Acrostichites, 
Crcmatopteris,  CydopterU,  and  Ann- 
mopteris.  A  characteristic  species  of 
the  first  of  these  is  figured  below 
(fig.  393).  The  Conifers  of  the  Trias, 
lastly,  are  abundant,  the  most  char- 
acteristic genus  being  VolHia.  This 
genus  is  related  to  the  existit^  Cy- 
presses, and  many  species  of  it  are 
found  in  the  Triassic  Rocks. 


Kg.  39].— A'«™^»ri.  n!f^M.     Trial. 

Jurassic  Plants. — Taken  as  a  whole,  the  Jurassic  period 
is  characterised  by  the  prevalence  of  Ferns,  Cycads,  and 
Conifers ;  no  Palms  or  Angiospermous  Exogens  having  been 
as  yet  shown  to  occur. 

The  Cycads  are  extremely  abundant,  and  belong  chiefly  to 
the  genera  Pterophyllum,  Otozamites,  Zamites,  Biiddandia,  Cros- 
sozamia,  IVUhamsonia,  Mantellia,  &c.     The  "  dirt-bed,"  as  it 
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is  called,  of  the  Purbeck  beds,  consists  of  an  ancient  soil,  iu 
which  stand  erect  the  trunks  of  Conifers  and  the  stems  of 
Cycads  of  the  genus  Manidlia  (fig,  394).      The  fronds  of 


Fig.  3M-— -'/"«  CytiiJ    Ara)  w  ™  phflla  X  Cjciil  ram  (he  Piubwk 


Cycads  occur  also  in  great  abundance  in  various  Jurassic 
strata,  especially  in  the  lower  portion  of  the  series ;  and  the 


FLORAS  OF  SECONDARY  AND  TERTIARY  PERIODS.      499 

cones  likewise  have  been  in  some  instances  preserved.  The 
Conifers  are  represented  by  various  genera  more  or  less  nearly 
allied  to  the  present  Araucarue,  and  cones  have  been  in  a 
few  instances  detected. 

Ferns  occur  very  abundantly  in  the  Jurassic  series,  the 
commonest  genera  being  Coniopteris  (fig.  395),  Odontopteris 
(fig-  396).  Sphenopteris,  Cydopieris,  PhUboptcris,  Pecopteris, 
Pdypodites,  Ptukypteris,  and  T<eniopieris. 

Endogens  are  by  no  means  unknown  in  the  Jurassic  series, 
though  no  representative  of  the  group  of  the  Palms  has  been 
as  yet  detected.  Amongst  the  most  important  of  the  Oolitic 
Endogens  may  be  mentioned  the  Aroideous  fruit  described  by 
Mr  Carruthers  under  the  name  of  Aroides  Stuiterdi,  and  the 
fruits  known  as  Podocarya  and  Kaidacarpum,  both  of  which 
belong  to  the  living  order  of  the  Pandanea  (Screw-pines). 
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Cretaceous  Plants.  —  The  Lower  Cretaceous  Plants 
greatly  resemble  those  of  the  Jurassic  period,  consisting 
mainly  of  Ferns,  Cycads,  and  Conifers.  The  Upper  Creta- 
ceous Rocks,  however,  both  in  Europe  and  in  North  America, 
have  yielded  an  abundant  flora  which  resembles  the  existing 
vegetation  of  the  globe  in  consisting  mainly  of  Angiospermous 
Exogens  and  of  Monocotyledons.  In  Europe,  the  plant-re- 
mains in  question  have  been  found  chiefly  in  ccrUin  sands  in 
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the  neighbourhood  of  Aix-la-Chapelle, '  and  they  consist  of 
numerous  Ferns,  Conifers  (such  as  Cycadopteris\  Screw  Pines 
\Pandanus\  Oaks  {Quercus),  Walnut  {Juglans\  Fig  {Ficus), 
and  many  Proteacea^  some  oif  which  are  referred  to  existing 
genera  (Dryandra,  Banksia^  Greviiim,  &c.) 

In  North  America,  the  Cretaceous  strata  of  New  Jersey, 
Alabama,  Nebraska,  Kansas,  &c,  have  yielded  the  remains  of 
numerous  plants,  many  of  which  belong  to  existing  genera. 
Amongst  these  may  be  mentioned  Tulip-trees  (Liriodendron), 
Sassafras  (fig.  397),  Oaks  {Quercus),  Beeches  (Fagus),  Plane- 


Fig.  397.  —  Cretaceous  Angiosperms. — a,  Sassafras  Cretaceum;  6,  Liri&dendrtm 
Meekii;  r,  Legutninosites  AfarcouoHus;  d,  Salix  Meekiu    (After  Daxuu) 

trees  {PIatanus\  Alders  {Alnus),  Dog-wood  {Carnus)^  Willows 
(Sa/ix),  Poplars  {Populus\  Cypresses  {Cupressus\  Bald  Cy- 
presses {Taxodium),  Magnolias,  &c.  Besides  these,  however, 
there  occur  other  forms  which  have  now  entirely  disappeared 
from  North  America — as,  for  example,  species  of  Cinnafnomum 
and  Araucaria. 

Eocene  Plants. — The  Plants  of  the  Eocene  period  ap- 
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proximate  on  the  whole  to  the  existing  vegetation  of  the  earth. 
They  are,  however,  in  the  main  most  closely  allied  to  forms 
which  now  are  found  in  tropical  or  sub-tropical  regions.  In 
the  London  Clay  occur  numerous  fruits  of  Palms  {Nipadites, 
fig.  398),  along  with  various  other  plants,  most  of  which  in- 
dicate a  warm  climate  as  prevailing  in  the  South  of  England 
at  the  commencement  of  the  Eocene  period.  In  the  Eocene 
strata  of  North  America  occur  numerous  plants,  such  as  Palms, 
Conifers,  Magnolia,  Cinnamon,  Fig,  Dog-wood,  Maple,  Hick- 
ory, Poplar,  Plane-trees,  &c  Upon  the  whole,  the  Eocene 
flora  of  North  America  is  nearly  re- 
lated to  that  of  the  Miocene  strata 
of  Europe,  as  well  as  to  that  now 
existing  in  the  American  area.  We 
may  conclude,  therefore,  that  "  the 
forests  of  the  American  Eocene  re- 
sembled those  of  the  European  Mio- 
cene, and  even  of  modem  America" 
(Dana). 

MiocENB  Plants. — The  deposits 
of  the  Miocene  period  have  yielded 
an  extraordinarily  large  number  of 
plants,  only  a  few  of  the  more  im- 
portant of  which  can  be  indicated 
here.  Our  chief  sources  of  informa- 
tion as  to  the  vegetation  of  the  Miocene  period  are  derived 
from  the  Brown  Coals  of  Germany  and  Austria,  the  Lower 
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and  Upper  Molasse  of  Switzerland,  and  the  Miocene  strata  of 
Greenland.     The  lignites  of  Austria  have  yielded  very  nuaier- 
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ous  plant-remains,  chiefly  of  a  tropical  character;  one  of  the 
most  noticeable  forms  being  a  Palm  of  the  genus  Sabal  (fig. 
399,  B),  now  found  in  America.  The  plants  of  the  Lower 
Miocene  of  Switzerland  are  also  mostly  of  a  tropical  character, 
but  include  several  forms  now  found  in  North  America,  such 
as  a  Tulip-tree  {Liriodendron)  and  a  Cypress  (Taxodium). 
Amongst  the  more  remarkable  forms  from  these  beds  may  be 
mentioned  Fan- Palms  {Ckamarops,  fig.  399,  A),  numerous 
tropical  ferns,  and  two  species  of  Cinnamon.  The  plant- 
remains  of  the  Upper  Molasse  of  Switzerland  indicate  an 
extraordinarily  rank  and  luxuriant  vegetation,  composed 
mainly  of  plants  which  now  live  in  warm  countries.  Among 
the  commoner  plants  of  this  formation  may  be  enumerated 
many  species  of  Maple  {Acer),  Plane-trees  {Platanm,  fig.  400), 
Cinnamon-trees,  and  other  members  of  the  Lauroiea,  many 
species  of  Proteacea  (Banksia,  Grevillea,  &c.),  several  species 
of  Sarsaparilla  (Smi/ax),  Palms,  Cypresses,  &c. 


Leaf:  J  Flower.  Upper 


In  Britain,  the  Lower  Miocene  strata  of  Bovey  Tracy  have 
yielded  remains  of  Ferns,  Vines,  Fig,  Cinnamon,  Proieaeea, 
&c.,  along  with  numerous  Conifers.  The  most  abundant  of 
these  last  is  a  gigantic  pine — the  Sequoia  Coititsia^—v/hich  is 
very  nearly  allied  to  the  huge  Sequoia  ( Wcllingtonid)  gigantea 
of  California.  A  nearly-allied  form  {Sequoia  Latigsdorffit)  has 
been  detected  in  the  leaf-bed  of  Ardtun  in  the  Hebrides. 

In  Greenland,  as  well  as  in  other  parts  of  the  Arctic  regions, 
Miocene  strata  have  been  discovered  which  have  yielded  a 
great  number  of  plants,  many  of  which  are  identical  with 
species  found  in  the  European   Miocene.      Amongst  these 
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plants  are  found  many  trees,  such  as  Conifers,  Beeches,  Oaks, 
Maples,  Plane-trees,  Walnuts,  Magnolias,  &c.,  with  numerous 
shrubs,  ferns,  and  other  smaller  plants. 

Taking  the  Miocene  flora  as  a  whole,  Dr  Heer  concludes 
from  his  study  of  about  3000  plants  contained  in  the  European 
Miocene  alone,  that  the  Miocene  plants  indicate  tropical  or 
sub-tropical  conditions,  but  that  there  is  a  striking  intermixture 
of  forms  which  are  at  present  found  in  countries  widely  re- 
moved from  one  another.  It  is  impossible  to  state  with  cer- 
tainty how  many  of  the  Miocene  plants  belong  to  existing 
species,  but  it  appears  that  the  larger  number  are  extinct. 
According  to  Heer,  the  American  types  of  plants  are  most 
largely  represented  in  the  Miocene  flora,  next  those  of  Europe 
and  Asia,  next  those  of  Africa,  and  lastly  those  of  Australia. 
Upon  the  whole,  however,  the  Miocene  flora  of  Europe  is 
mostly  nearly  allied  to  the  plants  which  we  now  find  inhabit- 
ing the  warmer  parts  of  the  United  States ;  and  this  has  led 
to  the  suggestion  that  in  Miocene  times  the  Atlantic  Ocean 
was  dry  land,  and  that  a  migration  of  American  plants  to 
Europe  was  thus  permitted.  This  view  is  borne  out  by  the 
fact  that  the  Miocene  plants  of  Europe  are  most  nearly  allied 
to  the  living  plants  of  the  eastern  or  Atlantic  seaboard  of  the 
United  States,  and  also  by  the  occurrence  of  a  rich  Miocene 
flora  in  Greenland.  As  regards  Greenland,  Dr  Heer  has  de- 
termined that  the  Miocene  plants  indicate  a  temperate  climate 
in  that  country,  with  a  mean  annual  temperature  at  least  30° 
warmer  than  it  is  at  present 

The  present  limit  of  trees  is  the  isothermal  which  gives  the 
mean  temperature  of  50°  Fahr.  in  July,  or  about  the  parallel 
of  67®  N.  latitude.  In  Miocene  times,  however,  the  Limes, 
Cypresses,  and  Plane-trees  reach  the  79th  degree  of  latitude, 
and  the  Pines  and  Poplars  must  have  ranged  even  further 
north  than  this. 

Pliocene  Plants. — The  vegetation  of  the  Pliocene  period 
is,  upon  the  whole,  so  closely  allied  to  that  now  existing  as  to 
call  for  no  special  mention.  It  is  worthy  of  notice,  however, 
that  the  Pliocene  flora  of  Europe  was  strikingly  similar  to  that 
now  existing  in  North  America.  Thus,  we  find  in  the  Plio- 
cene of  Europe  genera  such  as  the  Locust-trees  {Robinia), 
the  Honey-locusts  {Gleditschia),  the  Sumach  (Rhus\  the  Bald 
Cypress  {Taxodium)^  the  Tulip-tree  {Liriodendron\  the  Sweet- 
gum  Tree  {Liquidambar\  the  Sour-gum  Tree  (Nyssa\  &c., 
which  do  not  now  occur  in  Europe,  but  are  at  present  charac- 
teristic fonns  in  the  flora  of  temperate  North  America. 
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CHAPTER   XLVI. 

Laurentian  and  Cambrian  Periods. 

In  this  portion  of  the  work  it  will  be  endeavoured  very  briefly 
to  give  a  view  of  the  forms  of  life  which  characterised  each  of 
the  great  geological  periods.  The  subject  of  the  fossils  which 
characterise  each  particular  stratum  or  group  of  strata  in  the 
earth's  crust  is  one  far  too  vast  to  be  grappled  with  here,  and 
can  only  be  properly  considered  in  a  special  treatise.  All  that 
will  be  attempted  here  is  to  give  a  short  synopsis  of  the  de- 
posits of  each  successive  era,  followed  by  a  general  account  of 
the  "  life "  of  the  period  in  which  those  deposits  were  laid 
down.  Such  an  account  may  be  advantageously  prefaced  by 
a  tabular  view  of  the  more  important  fossiliferous  deposits, 
commencing  with  the  most  ancient. 

Tabular  View  of  Fossiliferous  Strata. 

I.  PALiCozoic  OR  Primary  Epoch. 
{Terrains  PcUhzci^tus.) 

1.  Laurentian. 

a.  Lower   Laurentian. — British  —  Wanting.    Foreign — Great  series  of 

metamorphic  rocks  in  Canada,  gneiss,  mica-schist,  quartzite,  and 
limestones,  with  a  total  thickness  of  about  20,ocx>  feet. 

b.  Upper  Laurentian, — British — Fundamental  Gneiss  of  the  Hebrides  (?) ; 

Hypersthene  Rocks  of  the  Isle  of  Skye  (?).  Foreign — Labrador  Series 
of  Canada,  having  a  thickness  of  10,000  feet,  and  resting  unconform- 
ably  upon  the  Lower  Laurentian. 

2.   HURONIAN. 

British — ^Wanting  {?).  Foreign — About  18,000  feet  of  metamorphic  rocks 
resting  unconformably  upon  the  Laurentian  series  of  Canada.  Per- 
haps Uie  equivalent  of  the  Lower  Cambrian  of  other  regions. 
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3.  Cambrian. 

a.  Lower  Cbmbrian. — British — Longmynd  group  of  Shropshire;  Harlech 

Grits ;  Llanberis  Slates ;  Green  and  purple  slaty  roocs  of  Wicklow, 
containmg  Oldhamia,  Foreign — Fucoidal  Sandstone  of  Sweden,  with 
Eophyton  ;  Etages  A  and  B  of  Barrande  in  Bohemia ;  Huronian  series 
of  Canada  (?). 

b.  Upper  Cambrian, — British— \Jva!Qo\s^  Flags  of  Shropshire  and  Wales. 

Tremadoc ■  Slates  (?).  Skiddaw  Slates  (?).  Foreign — "Primordial 
zone"  of  Bohemia  ;  Alum-schists  of  Sweden  and  Norway;  Potsdam 
Sandstone  and  Calciferous  Sand-rock  of  North  America ;  Quebec 
group  of  Canada  (?). 

4.  Silurian. 

a.  Lower  Silurian, — 

Britain. 

1.  Lower  Llandeilo  or  Arenig  Group. 

2.  Upper  Llandeilo  or  Llandeilo  Flags. 

3.  Caradoc,  Bala,  or  Coniston  Group. 

4.  Lower  Llandovery  Group. 
North  America, 

1.  Trenton  Period  (comprising  the  Chazy,  Birds-eye,  Black  River, 
and  Trenton  Limestones). 

2.  Hudson  Period  (comprising  the  Utica  Shales  and  Hudson  River 
Group). 
Bohemia* 

\  Etage  D  of  Barrande. 

b.  Upper  Silurian, 

Britain, 

1.  Upper  Llandovery  (comprising  the  Tarannon  Shales  and  May 
Hill  Sandstone). 

2.  Wenlock  Group  (comprising  the  Woolhope  Limestone,  Wen- 
lock  Shale,  and  Wenlock  Limestone). 

3.  Ludlow  Group   (comprising  the    Lower   and   Upper  Ludlow 
formations). 
North  America, 

^  I.  Niagara  period  (comprising  the  Oneida  Conglomerate,  Medina 
Sandstone,  Clinton  Group  and  Niagara  Limestone). 

2.  Salina  period  (comprising  the  Guelph  Limestone  and  Onondaga 
Salt  Group). 

3.  Lower  Helderberg  period  (comprising  the  Tentaculite  and  Water- 
lime  Groups,  3ie  Lower  Pentamerus  Limestone,  the  Delthyris 
Shaly  Limestone,  and  the  Upper  Pentamerus  Limestone). 
Bohemia, 

Etage  £. 

G. 

H. 

5.  Devonian. 

a.  Lower  Devonian, — British — Arbroath  Paving  Stones  of  Scotland  ;  Lin- 

ton Group  of  Devonshire.      Foreign  —  Oriskany  Sandstone  (?)  and 
Comiferous  series  of  North  America. 

b.  Middle  Devonian, — British — Bituminous  Schists  of  Caithness  ;  Illra- 

combe  Group  of  Devonshire.     Foreign — Eifel  Limestone  of  Europe  ; 
Hamilton  series  of  North  America. 
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€,  UpperDevonian, — British — Sandstones  of  Dura  Den  ;  Sandstones  of 
Denholm  Hill  in  Roxburghshire  ;  Kiltorcan  beds  of  Ireland  ;  Pilton 
and  Petherwyn  Group  of  South  of  England.  Foreign — Clymenien- 
Kalk,  and  Cypridinen-Schiefer  of  Germany ;  Portage,  Chemung,  and 
Catskill  Groups  of  North  America. 

6.  Carboniferous. 

<i.  Lower  Carboniferous, — British — Carboniferous  Slates  of  Ireland ;  Moun- 
tain Limestone ;  Yoredalc  Series.  Foreign — Sub-Carbonifeious  Group 
of  North  America. 

b.  Upper  Carboniferous— British — Millstone  Grit;  Coal*  Measures.  Foreign 
— Equivalent  beds  in  various  parts  of  the  world. 

7.  Permian. 

a.  Lower  Permian. — British — Lower  Red  Sandstones  of  North  of  Eng- 

land.    /br«;^»— Rothliegendes  of  Germany. 

b.  Middle  Permian,^ British — Marl   Slate   and    Magnesian    Limestone. 

Foreign — Mergel-schiefer,  Kupfer-schiefer,  and  2^chstein  of  Germany. 

c.  U^f>er  Permian. — British — Gypseous  Marls  and  Red  Sandstones  of  the 

North  of  England.     Foreign — Bunter-schiefer  of  Germany. 

II.  Mesozoic  or  Secondary  Epoch. 
( Terrains  Secondaires. ) 

8.  Triassic  Series. 

a.  Lower     Trias. — British — New    Red    Sandstone    of   Lancashire    and 

Cheshire.     Foreign — Bunter  Sandstein  of  Germany. 

b.  Middle  Trias. — British — Wanting.   /ww(^—Muschelkalk  of  Germany. 

c.  Upper  Trias. — British — Red  marls,   salt,  &c.   (Keuper),  of  Cheshire ; 

renarth,  Rhaetic,  or  Avicula  contorta  beds  of  Somersetshire,  Glamor- 
ganshire, &c.  Foreign — Keuper  beds  of  Germany ;  Kossen  (St 
Cassian)  and  Hallstadt  beds  of  the  Austrian  Alps. 

9.  Jurassic  Series. 

a.  Lower  Oolites. — British — Lias,   Inferior  Oolite,  Fuller's  Earth,  Great 

Oolite,  Stonesfield  Slate,  Combrash,  and  Forest  Marble.  Foreign — 
The  Sinemurien,  Liasien,  Toarcien,  Bajocien,  and  Bathonien  of 
D'Orbigny. 

b.  Middle  Oolites. — British — Kelloway  Rock,   Oxford  Clay,  Coral  Rag. 

/brrt]^— Nerinean  Limestone  of  the  Jura,  Diceras  Limestone  of  the 
Alps. 

c.  Upper  Oolites — British — Kimmeridge   Clay,  Portland  Stone,  Purbeck 

beds.     Foreign — Lithographic  Slate  of  Solenhofen. 

10.  Cretaceous  Series. 

a.  Lower  Cretaceous. — British — Hastings    Sands,    Weald    Clay,    Lower 

Greensand,  Kentish  Rag.  Foreign — Neocomian  of  Neufchatel,  Weal- 
den  of  Hanover. 

b.  Upper  Cretaceous. — British — Gault,   Blackdown  beds.  Upper   Green- 

sand,  Chalk  Marl,  White  Chalk,  /brw^w— Quader  Sandstein  and 
Planer  Kalk  of  Germany,  Hippurite  Limestone  of  the  South  of 
Europe,  Maestricht  Chalk,  Faxoe  Limestone,  Sands  and  Marls  of  New 
Jersey  in  North  America. 
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III.  Kainozoic  or  Tertiary  Epoch. 
{Terrains  Tertiaires.) 

11.  Eocene  Series. 

a.  Lower  Eocene. — British — Thanet  Sands,  Plastic  and  Mottled  Clays  of 

Woolwich,  London  Clay.  Foreign — Sables  de  Bracheux  and  Aigile 
plastique  of  France.     Claiborne  beds  of  Alabama,  United  States. 

b.  Middle  Eocene. — British — Bagshot,    Bracklesham    and    Barton  beds, 

Headon  Series,  St  Helens  or  Osborne  Series.  Foreign — Calcaire 
Grossier  of  France  ;  Nummulitic  Limestone  of  the  Alps;  Jackson 
beds  of  the  United  States. 

c.  Upper  Eocene, — British — Bembridge  beds,    Hempstead  beds   (Lower 

Miocene?).  Foreign — Gypseous  Series  of  Montmartre  in  France, 
Vicksburg  and  White  River  beds  in  the  United  States. 

12.  Miocene  Series. 

a.  Lower  Miocene. — British— Bovey  Tracy  lignites  and  clays.  Leaf-beds  of 
Mull  in  the  Hebrides.  Foreign — Brown  Coals  of  Germany  and 
Croatia,  Lower  Molasse  of  Switzerland. 

^.   Upper  Miocene, — British — Ferruginous   Sands  of   North  Downs   {?). 
Foreign — Faluns  of  Tourainc,  Epplesheim  Sands,  Upper  Molasse  of 
Switzerland,  Oeningen  beds  of  Switzerland,  Siwalik  beds  of  India. 

13.  Pliocene  Series. 

a.  Older  Pliocene, — British — White    Crag    and    Red   Crag  of   Suffolk. 

Foreign — Upper  and  Middle  Crags  of  Antwerp,  Sub-Apennine  beds. 

b.  Newer  Pliocene, — British — Norwich  Crag.     Foreign — Lacustrine  Strata 

of  the  Val  d*  Amo,  near  Florence. 

14.  Post-Tertiary  Series. 

rt.  Post- Pliocene. — Cave-deposits,  High-level  and  low-level  gravels,  Glacial 

deposits.  Forest -bed  of  Cromer,  &c. 
b.  Recent, — Peat-mosses,  recent  river-gravels,  lacustrine  mud,&c. 

Laurentian  Period. 

Rocks  of  the  Period. — The  Laurentian  Rocks  have  their 
typical  development  in  North  America,  especially  in  Canada. 
In  northern  New  York  strata  of  this  age  rise  into  the  lofty 
and  rugged  elevations  of  the  Adirondacks,  and  similar  rocks 
occur  in  another  area  to  the  south  of  Lake  Superior.  The 
Laurentian  series  is  of  vast  thickness,  and  is  divided  into 
a  lower  and  upper  division.  The  Lower  Laurentian  group 
attains  the  enormous  thickness  of  about  20,000  feet,  and  is 
composed  entirely  of  metamorphic  rocks,  consisting  mainly  of 
gneiss  interstratified  with  mica-schist,  with  great  beds  of  quartz, 
and  massive  beds  of  crystalline  limestone,  of  which  one  varies 
from  700  to  1500  feet  in  thickness.  Conglomerates  also  oc- 
cur, and  there  are  vast  deposits  of  magnetic  and  specular  iron- 
ore.  Graphite  or  black-lead  occurs  disseminated  in  strings, 
veins,  and  beds,  through  hundreds  of  feet  of  Lower  Laurentian 
strata,  and  its  amount  is  calculated  by  Dr  Dawson  to  be  equal 
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in  quantity  to^e  coal-seams  of  an  equal  area  of  the  Carbon- 
iferous rocks. 

Not  only  is  the  Lower  Laurentian  series  of  vast  thickness 
and  greatly  metamorphosed,  but  it  must  have  been  elevated 
above  the  sea,  and  subjected  to  vast  denudation,  prior  to  the 
deposition  of  the  upper  group.  This  is  shown  by  the  fact 
that  the  Upper  Laurentian  lies  unconformably  upon  the  trun- 
cated edges  of  the  Lower  Laurentian.  The  Upper  Lauren- 
tian group  is  about  10,000  feet  thick,  and  consists  wholly  of 
stratified  crystalline  rocks.  These  consist  mainly  of  gneissic 
and  felspathic  rocks,  often  characterised  by  the  occurrence  of 
lime-felspar  or  Labradorite.  The  series  is  extensively  devel- 
oped in  Labrador,  and  is  sometimes  spoken  of  as  the  '^  Labra- 
dor series." 

In  Britain  it  has  been  conjectured,  with  great  probability,  that 
the  "  fundamental  gneiss  "  of  the  Hebrides  and  the  "  hypers- 
thene  rocks  "  of  the  Isle  of  Skye  belong  to  the  Laurentian  series. 

Life  of  the  Laurentian  Period. — ^The  Laurentian  rocks 
are  often  spoken  of  as  the  Azoic  series  (Gr.  «,  without ;  zoe^ 
life) ;  but  the  name  appears  to  be  inappropriate,  because  there 
is  good  evidence  to  show  tliat  living  beings  were  in  existence 
in  the  Laurentian  period.  In  the  first  place,  it  is  certain  that 
the  Laurentian  rocks,  though  now  highly  metamorphic,  were 
originally  deposited  as  ordinary  sedimentary  beds  of  sandstone, 
conglomerate,  shale,  and  limestone.  There  is,  therefore,  no 
reason  whatever  for  supposing  that  the  seas  of  the  Laurentian 
period  differed  in  any  respect  from  modem  seas,  so  far  at  any 
rate  as  to  render  the  existence  of  living  beings  impossible ; 
while  we  know  that  one  of  the  results  of  metamorphic  action 
is  the  obliteration  of  the  fossils  in  the  rock  affected.  Secondly, 
by  the  researches  of  Sir  William  Logan  there  was  discovered 
in  one  of  the  limestones  of  the  Lower  Laurentian  group,  the 
body  which  has  been  described  under  the  name  of  Eozoon 
Canadense,  and  which  is  believed  to  be  a  gigantic  Foramini/er, 
The  organic  nature  of  this  body  was  first  detected  by  Dr  Daw- 
son of  Montreal,  and  his  opinion  as  to  its  nature  has  since 
been  confirmed  by  the  highest  authorities.  Thirdly,  there  is 
good  reason  to  believe  that  the  graphite  of  the  Laurentian 
rocks  is  nothing  more  than  metamorphic  coaly  and  that  it  is 
derived  from  vegetables  which  flourished  during  the  Lauren- 
tian period 

HuRONiAN  Period. 

The  rocks  of  the  Huronian  series  rest  unconformably  upon 
the  denuded  edges  of  the  Laurentian  rocks  on  the  borders  of 
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Lakes  Superior  and  Huron.  They  are  about  /  8,000  feet  in 
thickness,  and  consist  of  quartzites  (altered  sandstones),  siH- 
ceous  slates,  conglomerates,  and  limestones.  The  conglome- 
rates sometimes  contain  pebbles  derived  from  the  subjacent 
Laurentian  rocks.  No  fossils  have  hitherto  been  found  in 
any  part  of  the  Huronian  series,  and  its  exact  age  is  therefore 
doubtful.  Not  improbably  it  may  correspond  with  the  Lower 
Cambrian  rocks  of  other  regions,  but  it  may  represent  an 
independent  formation  to  be  intercalated  in  point  of  time 
between  the  Laurentian  and  Cambrian  groups. 

Cambrian  Period. 

Rocks  of  the  Period. — The  exact  limits  of  the  Cambrian 
Rocks  are  as  yet  not  well  defined,  different  authorities  taking 
different  views  as  to  the  strata  which  should  be  considered 
under  this  head.  The  name  "  Cambrian  "  is  derived  from  the 
fact  that  these  strata  are  the  lowest  rocks  visible  in  North 
Wales  and  its  borders  (Cambria).  The  Cambrian  rocks  are 
generally  divided  into  a  Lower  and  Upper  division,  and  they 
are  well  developed  in  various  parts  of  Europe  and  America. 
The  following  gives  a  general  idea  of  the  nature,  distribution, 
and  mineral  characters  of  the  Cambrian  rocks  : — 

I.  Cambrian  Hocks  of  Britain, — The  Lo%ver  Cambrian  rocks 
of  Britain  are  best  seen  in  the  Longmynd  Hills  in  Shropshire, 
and  consist  of  about  25,000  feet  of  variously-coloured  sand- 
stones, grits,  and  shales,  often  ripple-marked,  and  exhibiting 
rain-prints,  but  with  very  few  fossils.  These  are  succeeded  by 
a  great  series  of  micaceous  flagstones,  slates,  and  shales,  which 
vary  in  thickness  from  6000  to  2000  feet,  and  are,  in  part 
at  any  rate,  of  Upper  Cambrian  age.  They  are  known  as  the 
Lingula  Ftags^  from  the  occurrence  in  them  of  a  Brachiopod 
belonging  to  the  genus  Lingula,  In  North  Wales  the  Lower 
Cambrian  strata  are  often  highly  metamorphosed,  and  the  cele- 
brated Welsh  roofing-slates  are  also  derived  from  this  division. 
Cambrian  rocks  occur  in  other  parts  of  Britain,  and  the  follow- 
ing table  exhibits  their  leading  members : — 

1.  Lower  Cambrian : 

a,  Longmynd  beds  (25,000  feet). 

b,  Llanberis  slates  (3000  feet). 

c,  Harlech  grits  (6000  feet). 

d,  Oldhamia  slates  of  Ireland. 

2.  Upper  Cambrian: 

e,  Lingula  Flags  of  Wales  (about  6000  feet). 

/.  Tremadoc  Slates  of  North  Wales  (2000  feet). 

g,  Skiddaw  Slates  of  the  north  of  England  (7000  feet). 


f 
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The  last-mentioned  group  of  rocks,  namely,  the  Skiddaw 
Slates  of  the  north  of  England,  is  in  a  doubtful  position* 
They  consist  of  about  7000  feet  of  dark-coloured  shales  and 
slates,  and  they  are  most  clearly  the  equivalent  of  the  Quebec 
group  of  Canada,  containing  many  of  the  same  fossils.  Upon 
the  whole,  it  seems  safer  in  the  meanwhile  to  regard  them  as 
Upper  Cambrian. 

II.  Cambrian  Rocks  of  Bohemia  and  Sweden. — In  Bohemia, 
M.  Barrande  has  succeeded  in  demonstrating  as  underlying 
the  Lower  Silurian  rocks  of  that  country  a  zone  of  rocks, 
which  correspond  to  the  Lingula  Flags  of  Britain,  and  are 
therefore  of  Upper  Cambrian  age.  This  zone  contains  many 
remarkable  and  characteristic  fossils,  and  is  often  spoken  of  as 
the  "  Primordial  Zone."  In  Sweden  and  Norway  the  Lower 
Cambrian  rocks  are  represented  by  a  sandstone  containing 
impressions  supposed  to  be  referable  to  sea-weeds  or  "  fucoids.*' 
This  "  Fucoidal  sandstone  "  is  succeeded  by  beds  of  so-called 
**  alum-schist,"  which  are  of  Upper  Cambrian  age,  and  corre- 
spond with  the  Lingula  Flags  of  Britain. 

III.  Cambrian  Rocks  of  North  America,  —  The  Cambrian 
rocks  are  represented  in  North  America  by  the  Potsdam  sand- 
stone and  the  Calciferous  series.  The  Potsdam  Sandstone  is 
mostly  a  laminated  sandstone,  or  grit  in  the  State  of  New 
York,  but  limestones  are  present  in  addition  in  the  Mississippi 
basin,  and  it  consists  of  a  great  thickness  (2000  to  7000  feet) 
of  slates,  sandstones,  and  limestones,  along  the  Appalachian 
chain.  It  contains  a  good  many  fossils,  among  which  are 
Trilobites  resembling  those  of  the  "Primordisd  Zone"  in 
Bohemia. 

The  Calciferous  series  consists  of  a  hard  calcareous  sand- 
stone, or  "  sand-rock  "  in  the  State  of  New  York ;  but  it  con- 
sists of  sandstone  with  well-developed  magnesian  limestone  in 
the  basin  of  the  Mississippi ;  and  along  the  Appalachian  chain 
it  consists  of  sandstones  and  limestones,  subordinated  to  great 
masses  of  shale.  In  their  last-mentioned  development  the 
Calciferous  rocks  have  been  termed  the  "  Quebec  group,"  and, 
as  before  said,  they  are  undoubtedly  the  equivalent  of  the 
Skiddaw  Slates  of  Britain.  They  attain  a  thickness  of  from 
5000  to  7000  feet ;  but  it  is  not  clear  whether  they  are  truly 
referable  to  the  Upper  Cambrian  or  to  the  base  of  the  Silurian 
system.  Most  probably  they  are  transition  beds  between  the 
two  formations. 

Life  of  the  Cambrian  Period. — In  the  Lower  Cambrian 
Rocks  fossils  have  hitherto  proved  extremely  scarce.  The 
commonest  organic  remains  are  the  burrows  and  tracks  of 

2  K 
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Annelides  {ArenicoiiteSy  Histiodermay  &c.)  Besides  these,  the 
Longmynd  beds  of  Shropshire  have  yielded  a  supposed  Trilo- 
bitc  (PalcMpyge).  The  green  and  purple  slaty  rocks  of  Wick- 
low  have  yielded  two  species  of  the  singular  fossil  Oldhamia 
(fig.  27),  which  may  be  a  Hydroid  Zoophyte,  but  which  is 
more  probably  a  calcareous  sea-weed.  Lastly,  the  "  Fucoidal 
Sandstone  "  of  Sweden,  besides  the  obscure  remains  which  are 
known  as  "  fucoids,"  has  yielded  the  remarkable  fossil  known 
as  Eophyton  (fig.  378),  which  is  most  probably  a  plant,  along 
with  a  small  Lingula, 

In  the  Upper  Cambrian  Rocks,  fossils  become  tolerably 
abundant,  and  belong  to  varied  types.  The  most  character- 
istic forms  are  Trilobites,  the  characters  of  which  are  so 
peculiar  as  to  have  gained  them  the  name  of  "  primordial," 
applied  also  to  the  strata  in  which  they  are  found.  The 
chief  genera  are  Paradoxides  (fig.  114),  ConocephaiuSy  SaOy 
Conocoryphe^  EUipsocepJialuSy  MicrodiscuSy  Agnostus,  &c.  The 
"  Primordial  Zone  "  of  Bohemia  has  also  yielded  a  few 
Pteropods,  Brachiopods,  and  Echinoderms.  The  Potsdam 
Sandstone  of  North  America  contains  various  primordial 
Trilobites  (especially  those  of  the  genus  Dikelo€ephalus\  Bra- 
chiopods of  the  genera  Obolus,  Obolellay  and  Lingtila,  Gastero- 
pods  of  the  genera  Plmrotomaria  and  Ophileta,  Annelide-bur- 
rows  (Sco/Mus),  and  numerous  so-called  "fucoids."  Lastly, 
in  the  Potsdam  Sandstone  have  been  detected  the  earliest 
footprints,  if  they  may  be  so  termed,  which  have  been  as  yet 
discovered  These  have  been  described  under  the  names  of 
Protichnites  and  ClimadichniteSy  and  they  have  probably  been 
produced  by  large  Crustaceans. 

The  Lingula  Flags  of  Britain  owe  their  name  to  the  occur- 
rence in  them  of  a  large  satchel-shaped  Lingula  (Z.  Davisii)» 
Trilobites  of  the  genera  OlenuSy  AgnostiiSy  Paradoxides^  &c, 
occur,  and  remains  of  Phyllopodous  Crustaceans  {Hymeno- 
caris)  are  by  no  means  rare. 

The  Skiddaw  and  Quebec  groups,  as  already  mentioned, 
are  in  a  doubtful  position,  and  are  often  regarded  as  being 
referable  to  the  Lower  Silurian.  They  are  chiefly  noticeable 
for  the  great  abundance  of  Graptolites  which  they  have  been 
shown  to  contain.  Many  of  these  belong  to  genera  which 
pass  up  into  the  Silurian  rocks  (Didymograpsus^  DipiograpsuSy 
and  Climacograpsus) ;  but  others  belong  to  types  which  are 
exclusively  confined  to  this  horizon,  and  which  are  remarkably 
complex  as  compared  with  later  forms.  Amongst  these  may 
be  mentioned  the  genera  Tetragrapstis  (fig.  32),  Dichograpsus 
(fig.  33),  Loganograpsusy  and  Phyllograpsus. 
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CHAPTER  XLVIII. 

SILURIAN    PERIOD, 

Rocks  of  the  Period. 

Following  the  Cambrian  comes  the  great  Silurian  series  of 
rocks,  first  clearly  established  and  definitely  worked  out  by 
Sir  Roderick  Murchison,  the  founder  of  the  Silurian  system. 
The  exact  limit  between  the  Cambrian  and  Silurian  formations 
is  one  which  is  not  clearly  defined,  since  there  does  not  appear 
to  be  any  general  physical  break  between  the  two  groups. 
The  line  of  demarcation  between  them  is,  in  the  present  state 
of  our  knowledge,  an  arbitrary  line,  and  is  derived  chiefly  from 
the  characters  of  the  Trilobiies,  There  are  rocks,  however, 
such  as  the  Tremadoc  Slates,  the  Skiddaw  Slates,  and  the  Cal- 
ciferous  and  Quebec  groups,  in  which  there  is  an  intermixture 
of  Cambrian  with  true  Lower  Silurian  types.  These  rocks, 
therefore,  might  be  regarded  as  Upper  Cambrian  or  as  Lower 
Silurian,  or  as  passage-beds  between  the  two.  It  is  to  be 
remembered,  also,  that  the  Tremadoc  Slates  and  Lingula  Flags 
are  regarded  by  Sir  Roderick  Murchison  as  being  the  base- 
ment-beds of  the  Lower  Silurian. 

The  name  "Silurian"  was  proposed  by  Sir  R.  Murchison 
for  a  great  series  of  strata  lying  below  the  Old  Red  Sandstone, 
and  occupying  those  parts  of  Wales  and  England  which  were 
at  one  time  occupied  by  the  "  Silures,'*  a  tribe  of  ancient 
Britons.  The  Silurian  rocks  are  largely  developed  in  Wales, 
the  north  of  England,  Scotland,  and  Ireland,  in  various  parts 
of  Europe,  especially  Bohemia,  Saxony,  Russia,  and  Sweden, 
and  in  the  North  American  Continent.  The  entire  series  is 
divisible  into  the  two  sections  of  the  Lower  and  Upper  Silurian 
rocks,  each  in  turn  split  up  into  smaller  subdivisions,  the  names 
of  which  have  usually  been  taken  from  localities  where  they  are 
unusually  well  developed,  or  where  they  were  first  studied. 

In  Britain  the  Silurian  Rocks  are  divided  into  the  following 
groups  firom  below  upwards  : — 

a.  Lower  Llandeilo  group, 

b.  Upper  Llandeilo  group,  I  Lower  Silurian 

c.  Bala,  Caradoc,  or  Coniston  group,   >  A^ower  tMiunan. 

d.  Lower  Llandovery  group, 

e.  Upper  Llandovery  group, 
/.  Wenlock  group,  \  Upper  Silurian. 
g.  Ludlow  group, 


Sl6  HISTORICAL  PALiEONTOLOGY. 

a.  The  Lower  Llandeilo  or  Arenig  group  derives  its  name  from 
thetown  of  Llandeilo,  in  Wales,  where  it  consists  of  dark-coloured 
micaceous  flags,  with  earthy  shales  and  gritty  sandstones. 

d.  The  Upper  Uandeilo  group  consists  of  a  great  series  of 
micaceous  flags  and  dark-coloured  shales,  often  with  inter- 
stratified  igneous  matter.  In  Scotland  the  group  consists  of 
a  great  assemblage  of  shales  and  grits,  the  former  mostly  very 
dark  in  colour,  often  anthracitic,  and  charged  with  the  remains 
of  Graptolites, 

c.  The  Bala^  Caradoc,  or  Coniston  group  consists  in  Wales 
of  slates,  grits,  and  sandstones,  with  two  interstratifled  lime- 
stones, the  whole  attaining  a  thickness  of  about  5500  feet. 
In  the  north  of  England  this  group  consists  of  black  flaggy 
beds,  a  well-marked  limestone  with  intercalated  shales,  and 
black  mudstones  replete  with  Graptolites. 

d.  The  Lower  Llandovery  group  consists  of  slates  and  sand- 
stones, with  great  beds  of  conglomerate. 

e.  The  Upper  Llandovery  group  forms  in  Britain  the  base  of 
the  Upper  Silurians,  and  rests  unconformably  upon  the  Lower 
Llandovery.  It  consists  of  limestones,  shales,  conglomerates, 
sandstones,  and  slates,  attaining  a  total  thickness  of  nearly 
2000  feet 

/  The  Wenbck  group  consists  of  a  great  mass  of  shale  and 
fl^tone  (Wenlock  Shale),  underlaid  and  surmounted  by  lime- 
stones, the  whole  attaining  a  thickness  of  3000  feet 

g.  The  Ludlow  group  consists  of  shales,  limestones,  and 
sandstones  in  Wales,  and  of  grits  and  shales  in  the  north  of 
England,  having  a  total  thickness  of  from  2000  to  4000  or 
5000  feet 

In  North  America  the  Silurian  series  is  magnificently  devel- 
oped, and  is  capable,  like  that  of  other  parts  of  the  world,  of 
being  separated  into  a  Lower  and  Upper  division.  The 
annexed  table  shows  the  subdivisions  of  the  Silurian  series  as 
developed  in  the  State  of  New  York,  and  their  supposed 
British  equivalents — the  table  being  in  ascending  order : — 

Silurian  Strata  of  New  York.  British  equtvaleHts. 

I.  Trenton  period  (comprising  the  Chazy,  Bird's  ^  The  Lower  Silurian 
eye,  Black  River,  and  Trenton  limestones. 


2.  Hudson  period  (comprising  the  Utica  slates 
and  Hudson  River  shales). 


series    (comprising   the 

» Llandeilo,     Bala,     and 

Lower     Llandovery 

groups). 

'k      The  lower  portion  of 


3.  Niagara  period  (comprising  the  Oneida  I  the  Upper  Silurian  series 
conglomerate,  Medina  sandstone,  Clinton  group,  >  (comprising  the  Upper 
and  Niagara  limestone).  I  Llandovery  and    wen- 

J  lock). 


r 
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4.  Salina  period  (comprising  the  Guelph  Hme- )  ^  g  ..  j,  ea„;„alenL 
stone  and  Onondaga  salt  group).  J      ^°  ^"'^  equivalent 

5.  The  Lower  Helderberg  period  (comprising"\  rru^  uc^u^-  -v«-*:^«  ^r 
the  Tentaculite  and  Watw-lime  groups,  thl  ,.  P* ''•f^%PfJ^'^"J^ 
Lower    Pentamerus   limestone,    the    Ddthyris>^*,ii^KPer  f>'"^^^ 

shaly  limestone,  and  the  Upper  Pentam^  j;^<^P','*'»8*'' L"*" 
limestone).  '         ^    P'* 

In  Bohemia,  as  shown  by  M.  Barrande,  the  Silurian  series 
likewise  admits  of  a  subdivision  into  an  Inferior  and  a  Supe- 
rior division.  The  former  comprises  the  single  "  ^tage  D," 
and  is  characterised  by  a  fauna  to  which  M.  Barrande  has 
applied  the  term  of  "  second  fauna,"  the  so-called  "  primordial 
zone"  having  yielded  the  "  first  fauna"  of  the  same  palaeonto- 
logist. The  Upper  Silurian  series  comprises  the  Stages  E,  F,  G, 
and  H,  and  is  characterised  by  the  possession  of  the  "  third 
fauna." 

Life  of  the  Silurian  Period. — In  the  lower  portion  of 
the  Cambrian  series,  as  we  have  seen,  organic  remains  are  ex- 
ceedingly scanty ;  but  in  the  upper  portion  of  the  same,  fossils 
are  tolerably  abundant,  and  belong  in  part  to  types  which  pass 
upwards  into  the  overl)dng  Silurian  series.  The  fossils  of  the 
Silurian  series  are  almost  exclusively  marine,  the  only  excep- 
tions being  some  remains  of  land-plants,  such  as  stems  of 
Lepidodmdron  {Sagenaria)  and  the  sporangia  of  Lycopodiace- 
ous  plants  {Pachytheca),  the  latter  having  been  discovered  in 
the  very  highest  beds  of  the  system.  The  only  other  vegeta- 
ble remains  which  have  been  detected  in  undoubted  Silurian 
deposits  belong  to  what  are  loosely  termed  "  fucoids  "  (Licr<h 
•  phycusy  ArthrophyctiSy  Palaophycus,  Buthotrephis^  &c.),  and 
these  are  tolerably  abundant  in  various  parts  of  the  series. 

The  sub-kingdom  of  the  Protozoa  is  represented  by  For- 
aminiferous  shells  and  by  Sponges.  The  latter  are  tolerably 
abundant  in  both  the  Lower  and  Upper  Silurian  and  belong 
to  various  genera  {Palaospongia,  Acanthospongta^  Astyiospongia^ 
Amphispongiay  &c.)  Here,  also,  we  meet  witii  the  singular 
genera  Receptaculites  and  IschaditeSy  which  have  been  variously 
regarded  as  gigantic  Foraminifers,  as  Sponges,  or  as  inter- 
mediate forms  between  the  Foraminifera  and  the  Spongida, 

The  sub -kingdom  of  the  Caslenterata  is  represented  in 
Silurian  times  by  the  Graptolites  and  by  numerous  Corals. 
The  typical  Graptolites  commence  their  existence  in  the  Skid- 
daw  and  Quebec  Groups  (Upper  Cambrian  ?),  and  are  highly 
characteristic  of  the  Silurian  Rocks.  If  we  except  the  genus 
Didyonema^  which  is  probably  referable  to  the  Sertularians,  no 
species  of  Graptolite  is  known  to  have  survived  the  close  of 
the  Siliu-ian  period.     Neglecting  their  earlier  appearance,  the 
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genera  Didymograpsus  and  Dicranograpsus  are  exclusively, 
and  the  genera  Diplograpsus^  Climacograipsus^  and  Rastrites  are 
pre-eminently,  characteristic  of  the  Lower  Silurian  period. 
The  genera  Graptolites  and  Retiolites  are  those  which  espe- 
cially characterise  the  Upper  Silurian  deposits,  though  both 
commence  in  the  inferior  division  of  the  series.  Corals  are 
exceedingly  abundant  in  many  parts  of  the  Silurian  series, 
certain,  formations,  such  as  the  Wenlock  Limestone  of  Eng- 
land and  the  Niagara  Limestone  of  North  America,  being 
in  places  so  largely  composed  of  these  fossils  that  they  have 
been  regarded  as  ancient  coral-reefs.  Almost  all  the  Silurian 
corals  belong  to  the  groups  of  the  Rugosa  and  Tabuiata, 

The  Echinodermata  are  largely  represented  in  Silurian  de- 
deposits,  more  especially  by  Crinoids  and  Cystideans.  The 
former  are  extremely  abundant,  and  belong  in  many  instances 
to  peculiar  types.  The  Cystideans  are  pre-eminently  Lower 
Silurian,  though  they  occur  also  in  the  upper  division  of  the 
series.  They  are  especially  characteristic  of  the  Bala  or 
Caradoc  period.  The  true  Star-fishes  {Asteroidea)  are  repre- 
sented even  in  the  Lower  Silurian  rocks ;  whilst  the  Brittle- 
stars  (Ophiuroidea)  are  represented  by  the  genus  Protaster, 
The  Sea-urchins  (Echinoidea)  are  not  represented  at  all  except 
in  the  Upper  Silurian,  and  there  only  by  the  aberrant  genus 
Pakechinus, 

The  Annelida  are  represented  in  the  Silurian  rocks  by  the 
tracks  and  burrows  of  Sea-worms  {Helminthites  and  Scolites\ 
and  by  the  tubes  of  Tubicola  {Serpulites,  Ortonia,  Conchicolites^ 
Cornulites,  Spirorbis,  &c.)  The  little  spiral  tubes  of  Spirorbis 
are  commonly  found  in  the  Upper  Silurian  rocks  attached  to 
the  shells  of  Orthocerata  and  the  like. 

The  Arthropoda  appear  to  have  been  represented  wholly  by 
Crustaceans,  no  Arachnids,  Myriapods,  or  Insects  being  yet 
known  with  certainty  to  occur.  The  most  important  Silurian 
Crustaceans  belong  to  the  Trilobita,  Phyllopoda^  Eurypterida, 
and  Ostracoda.  The  Trilobites  are  extraordinarily  abundant, 
and  every  subdivision  of  the  Silurian  series  has  its  characteristic 
species.  The  "  primordial  Trilobites  "  are  only  represented 
by  such  forms  as  Agnostiis  and  Olentis,  The  Lower  Silurians 
have  many  types,  amongst  which  Asaphus,  Ogygia,  Trinudeus 
Calymene,  Cheirurus,  Illcenus^  and  Phacops  may  be  mentioned 
as  the  most  important,  though  most  of  these  range  into  the 
Upper  Silurians  as  well.  The  Silurian  Phyllopods  are  toler- 
ably plentiful  in  both  divisions  of  the  series  and  belong  chiefly 
to  the  genera  Ceratiocaris^  PeltocariSy  and  Disdnocaris.  The 
Eur3rpterids  are  represented  in  the  Lower  Silurians,  but  they 
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ure  pre-eminently  characteristic  of  the  higher  beds  of  the 
Upper  Silurian.  Lastly,  the  Ostracoda  are  often  extremely 
abundant,  and  belong  chiefly  to  the  genera  Leperditiay  Pri- 
mitia,  Beyrichia^  and  Enfomis, 

The  sub-kingdom  Mollusca  is  very  largely  represented  in 
Silurian  deposits,  and  the  Brachiopods  and  Tetrabranchiate 
Cephalopods  in  particular  enjoyed  a  vast  extension  and  a  de- 
velopment which  has  never  since  been  attained.  The  Brachi- 
opods are  so  abundant  in  all  parts  of  the  series  that  the 
Silurian  period  has  been  spoken  of  as  the  "  Age  of  Brachi- 
opods." The  chief  families  are  the  Strophommidce,  Rhyn- 
choneilida,  Spiriferida^  and  Lingulida,  The  genus  Pentamerus 
is  especially  characteristic  of  the  Llandovery  Rocks,  or  of  what 
has  been  termed  the  "  Middle  Silurian  "  by  Sir  Charles  Lyell. 
The  Caradoc  period  is  noticeable  for  the  great  number  of 
Or t hides y  mostly  belonging  to  simple  plaited  forms.  The  ex- 
clusively Silurian  genera,  however,  are  very  few,  but  Obolus^ 
Siphonotreta^  and  Trematis  are  not  known  to  have  survived 
into  the  Devonian  period.  Bivalves,  such  as  Modioiopsis, 
Ctenodonta^  Lyrodesma^  Ambonychia,  Pterinea,  Cardiola,  &c., 
are  far  from  uncommon ;  whilst  the  Gasteropods  are  largely 
represented  by  such  forms  as  Pleurotoinaria^  Metoptoma, 
Holapea^  Cydonema^  and  Murchisonia.  The  Heteropods  are 
represented  by  Maclurea^  Bdlerophon^  Cyrtolites^  and  Ecculiom- 
phalus;  and  the  Pteropods  abounded  under  the  generic  forms  of 
Theca  {Hyolithes\  Conulariay  TentacuHtes^zxidiPterotheca,  The 
Tetrabranchiate  Cephalopods  are  extraordinarily  abundant ; 
but  they  belong  almost  exclusively  to  the  sections  of  the 
NatUilida^^rA  Orthoceratida ;  the  AmmonitidcR  being  repre- 
sented only  by  the  genus  Goniatitesy  which  has  not  as  yet  been 
recognised  in  the  Lower  Silurian  deposits.  The  family  of  the 
Orthoceratida  attains  here  its  maximum  of  development,  over 
one  thousand  species  having  been  described  by  M.  Barrande 
from  the  Silurian  basin  of  Bohemia  alone.  Their  highest  de- 
velopment, however,  is  in  the  upper  and  not  in  the  lower 
division  of  the  series. 

The  sub-kingdom  Vertebrata  is  not  known  to  be  represented 
in  the  Lower  Silurian  period  at  all ;  but  remains  of  various 
fishes  have  been  detected  in  the  Upper  Silurian  series.  In 
Britain,  the  earliest  fish-remains  have  been  discovered  in  the 
Lower  Ludlow  Shale,  and  consist  of  the  cephalic  bucklers  of 
Pteraspidean  fishes.  In  the  well-known  stratum  at  the  summit 
of  the  Ludlow  Rocks,  familiar  under  the  name  of  the  "  bone- 
bed,"  have  been  discovered  the  defensive  spines  on  which  the 
genus   Onchus  has  been  founded,  and  the  shagreen-scales 
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which  constitute  the  genera  Thdodus  and  Sphagodus,  These 
spines  are  believed  to  indicate  the  existence  in  the  Upper  I 

Silurian  seas  of  Cestraciont  fishes  dlied  to  the  living  Fort- 
Jackson  Shark,  whilst  the  latter  may  have  belonged  to  some 
form  like  the  existing  Dog-fishes.     It  must  be  admitted,  how-  ' 

ever,  that  the  true  nature  of  these  fossils  is  still  open  to  ques- 
tion. From  the  Upper  Silurian  series  of  Bohemia  M.  Bar- 
rande  describes  no  less  than  five  fishes — ^viz.,  Coccosteus  primus^ 
C.  Agassizi^  Asterolepis  Bohemicus,  Gotnpholepis  Panderi^  and 
Ctmacanthus  Bohemicus^  of  which  the  first  four  belong  to  the 
Ganoids,  whilst  the  last  is  supposed  to  be  a  Cestraciont  or  a 
Selachian. 


CHAPTER  XLIX. 

DEVONIAN     PERIOD. 

Rocks  of  the  Period. 

The  Silurian  Rocks  are  succeeded  upward  by  a  great  system  of 
rocks,  mainly  of  the  nature  of  sandstones  and  conglomerates, 
to  which  the  name  of  Old  Red  Sandstone  has  been  applied. 
The  name  Devonian  formation  is  also  employed  to  designate 
these  same  strata,  rocks  supposed  to  belong  to  this  period 
being  largely  developed  in  Devonshire,  in  England.  It  is 
probable,  however,  that  the  Devonian  rocks  represent  a  por- 
tion only  of  the  Old  Red  Sandstone,  and  that  they  cannot  be 
regarded  as  the  full  equivalent  of  the  Old  Red  Sandstone  of 
other  regions.  The  term  "Devonian"  may,  however,  when 
thus  understood,  be  usefully  employed  as  a  general  term  for 
all  the  strata  which  intervene  between  the  Silurian  System  and 
the  succeeding  formation  of  the  Carboniferous  rocks. 

The  uncertainty  as  to  the  exact  position  of  the  Devonian 
Bocks  of  Devonshire  in  the  series  of  the  Old  Red  Sandstone, 
or  the  uncertainty  as  to  whether  they  represent  the  Old  Red 
Sandstone  in  whole  or  in  part,  arises  from  this — that  though 
both  formations  are  fossiliferous,  the  peculiar  fossils  of  each 
are  never  found  associated  together.  The  peculiar  fossils  of 
the  Old  Red  Sandstone  proper  are  not  found  in  the  rocks  of 
Devonshire;  and  the  fossils  of  the  latter,  though  found  in 
equivalent  strata  on  the  Continent  of  Europe,  do  not  occur  in 
the  beds  to  which  the  name  of  Old  Red  Sandstone  was  origi- 
nally applied.     This,  however,  may  be  largely  due  to  the  fact 
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that,  while  the  Devonian  strata  are  undoubtedly  marine  in 
their  origin,  there  seems  reason  to  conclude  that  the  Old  Red 
Sandstone  proper  was,  in  part  at  any  rate,  a  fresh-water  de- 
posit. The  tjvo  groups,  therefore,  might  be  truly  contempora- 
neous, and  yet  might  not  contain  the  same  fossils. 

The  Old  Red  Sandstone  is  pre-eminently  a  British  forma- 
tion, and  is  divisible  into  three  groups — the  Lower,  Middle, 
and  Upper  Old  Red. 

The  Lower  Old  Red  reposes  with  perfect  conformity  upon 
the  highest  beds  of  the  Upper  Silurians,  the  two  formations 
appearing  to  pass  into  one  another  by  an  intermediate  series 
of  "passage-beds,"  which  contain  large  Crustaceans  of  the 
family  of  the  Eurypterids.  The  Lower  Old  Red  consists 
mainly  of  massive  conglomerates,  with  sandstones,  shales,  and 
concretionary  limestones.  Its  organic  remains  consist  chiefly 
of  plants,  Crustaceans,  and  fishes. 

The  Middle  Old  Red  of  Scotland  consists  of  dark-grey  flag- 
stones, bituminous,  flaggy  shales,  and  conglomerates,  some- 
times accompanied  by  shales  having  irregular  calcareous  no- 
dules embedded  in  them.  The  fossil  remains  are  chiefly  flshes, 
with  one  Crustacean,  and  a  few  plants. 

The  Upper  Old  Red  of  Scotland  consists  of  pebbly  con- 
glomerates, sandstones,  and  shales,  and  contains  many  flshes^ 
a  good  many  fragments  supposed  to  belong  to  sea-weeds,  and 
some  undoubted  land-plants. 

In  North  and  South  Devon  there  occurs,  underlying  the 
Carboniferous  Rocks,  a  great  series  of  strata  which  has  been 
regarded  as  the  equivalent  of  the  Old  Red  Sandstone.  Though 
certainly  referable,  in  great  part  at  any  rate,  to  the  period  of 
the  Old  Red  Sandstone,  it  does  not  appear  that  the  Devonian 
Rocks  can  be  regarded  as  the  equivalent  of  the  Old  Red 
Sandstone  of  Scotland.  The  Devonian  Rocks,  however,  are 
largely  represented  on  the  continent  of  Europe,  and  they  are 
richly  fossiliferous ;  though  they  do  not  contain  any  of  the 
characteristic  Crustaceans^  and  only  one  or  two  generic  re- 
presentatives of  the  characteristic  fishes  of  the  Scotch  Old 
Red. 

The  Devonian  Rocks  of  Devonshire  consist  essentially  of 
greenish  slates,  alternating  with  sandstones,  conglomerates, 
and  well-developed  bands  of  blue  crystalline  limestone  and 
calcareous  slates. 

In  no  country  in  the  world  probably  is  there  a  finer  and 
more  complete  exposition  of  the  strata  intervening  between 
the  Silurian  and  Carboniferous  formations  than  in  the  United 
States.     The  following  are  the  main  subdivisions  of  the  Devo- 


Upper  Devonian. 
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man  Rocks  of  the  State  of  New  York,  in  which,  probably,  the 
series  is  most  typically  displayed : — 

1.  Oriskany  period  (Oriskany  Sandstone),*  ^ 

2.  Comiferous     period    (comprising    the  \  j  j^ 

Cauda-Galli  grit,  Schoharie  grit,  and  (' ^"^^^  ^^^^^'^'^• 
Upper  Helderberg  group),  ) 

3.  Hamilton  period  (comprising  the  Mar- ' 

cellus,      Hamilton,      and      Genesee 
groups),  \ 

4.  Chemung  period  (comprising  the  Por- 

tage and  Chemung  groups), 

5.  Catskill  period  (Catskill  Sandstone), 
Life  of  the  Devonian  Period. — ^Taken  as  a  whole,  the 

life  of  the  Devonian  period  may  be  regarded  as  transitional 
between  that  of  the  underlying  Silurian  and  overlying  Carboni- 
ferous period.  As  far,  however,  as  our  present  knowledge 
allows  of  our  forming  a  definite  opinion,  the  Devonian  fauna 
and  flora  approximate  more  nearly  to  those  of  the  succeed- 
ing Carboniferous  than  to  those  of  the  antecedent  Silurian 
period.  This  is  especially  shown  in  the  Devonian  plants, 
which,  as  has  been  already  pointed  out,  in  almost  all  cases 
agree  generically  with  those  of  the  Carboniferous ;  whilst 
in  some  cases  they  are  even  specifically  identical.  Thus,  the 
Devonian  land  supported  an  abundant  vegetation,  in  which 
liCpidodendroids,  Sigillarioids,  Calamites,  Ferns,  and  Conifers, 
mostly  of  Carboniferous  types,  play  a  prominent  part  There 
are,  however,  some  forms,  which,  like  Psilophyton^  are  as  yet 
not  known  to  have  occurred  in  the  Carboniferous  deposits. 

The  Protozoa  are  represented  in  the  Devonian  rocks  by  For- 
aminifera  and  Sponges.  Of  the  latter,  Sparsispongia  is  the 
most  characteristic  genus.  {Steganodictyum  is  the  buckler  of  a 
Pteraspidean  fish.) 

The  QxUnterata  are  represented  by  the  Hydrozoal  genus 
Dictyonema^  which  has  often  been  referred  to  the  Graptolites, 
and  by  very  numerous  and  varied  forms  of  corals.  No  true 
Graptolites  have  been  as  yet  detected,  unless  Dictyonema  be 
one.  The  corals  still  belong  mainly  to  the  groups  of  the 
Rugosa  and  Tabulata,  The  section  of  the  Tubuiosa  {Aulopor- 
idee)  is  represented  here  for  the  first  time.  Here  also  occur 
the  singular  operculate  Rugose  corals  upon  which  the  genus 
Calceola  is  founded. 

The  Echinodermata  are  represented  in  the  Devonian  period 
by  numerous  Crinoids    (Cupressocrinus^  AplocrinuSy  Platycri- 

*  The  Oriskany  Sandstone,  though  here  placed  in  the  Devonian,  is  pro- 
bably really  the  summit  of  the  Upper  Silurian. 
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nuSy  &c.),  along  with  Pentremites  ;  whilst  Cystideans  are  stated 
to  make  their  last  appearance  here. 

The  Articulates  are  represented  by  numerous  Crustaceans, 
and  by  a  few  insects — the  latter  being  the  first  of  their  class. 
The  Crustaceans  are  abundant,  the  chief  forms  being  Trilobites 
(Phacops^  Bronteus^  Homalonotus^  &c.),  large  Eurypterids  (Ptery- 
gotus^  Styionurus,  EurypteruSy  &c),  and  Ostracodes  {Entomis, 
Leper ditia^  Beyrichia^  &c)  The  bivalved  carapaces  of  the  last 
mentioned  of  these  groups  are  very  abundant  in  certain  De- 
vonian beds,  and  the  so-called  "  Cypridinen-schiefer  "  of  the 
Devonian  series  of  Germany  derives  its  name  from  the  occur- 
rence in  it  of  vast  numbers  of  the  little  Entomis  ( Cypridina) 
serrato-striata.  In  certain  Devonian  beds,  also,  the  remains  of 
the  Crustacean  genus  Estheria  are  very  abundant  The  Devo- 
nian Insects  appear  on  the  whole  to  have  the  closest  affinity 
with  certain  of  the  existing  Neuroptera  or  Pseudo-ncuroptera. 

The  Mollusca  are  largely  represented  in  Devonian  time,  and 
the  Brachiopods  are  especially  abundant.  The  most  charac- 
teristic forms  are  those  of  the  gtnexdi  Stringocephaius  {fig.  144) 
and  Uncites^  along  with  numerous  broad-winged  Spirifers  (such 
as  S.  mucronaia^  fig.  148).  Lamellibranchs  (such  as  Megalo- 
don  and  Pterinea\  Gasteropods  (Macrocheilus^  Trochus^  Pieura- 
tomaria,  &c.),  and  Pteropods  (Conuiaria)  are  well  represented 
in  the  Devonian  Rocks.  As  in  the  case  of  the  Silurian  period, 
no  certain  traces  of  the  existence  of  Dibranchiate  Cephalo- 
pods  have  been  as  yet  detected  in  the  Devonian.  The  Tetra- 
branchiate  Cephalopods,  however,  are  known  by  true  Nautili 
and  Orthoceratay  and  by  the  genus  Ciymenia,  The  family  of 
the  Ammonitidce  is  also  represented  by  the  genera  Goniatites 
and  Bactrites, 

The  sub-kingdom  of  the  Vertebrata  is  still  represented  by 
fishes  only;  but  these  are  so  abundant  that  the  Devonian 
period  has  been  commonly  called  the  "  Age  of  Fishes."  Most 
of  the  Devonian  Fishes  belong  to  the  order  of  the  Ganoids, 
and  especially  to  the  two  groups  of  the  Crossopterygidce  and 
Ostracostei.  The  genera  Cephalaspis,  PteraspiSy  Pterichthys^ 
and  CoccosteuSy  do  not  survive  this  period,  and  there  are  many 
other  peculiar  Lepidoganoids  as  well.  Besides  Ganoids,  nu- 
merous remains  of  Elasmobranchii  have  been  detected,  these 
being  referable  both  to  the  Cestraphori  and  to  the  Selachii,  It 
is  probable,  also,  that  some  of  the  Devonian  fishes  are  rightly 
referable  to  the  order  Dipnoi^  finding  their  nearest  living 
allies  in  the  Mud-fishes  of  South  America  and  Africa,  and  the 
Barramunda  of  Australia. 
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CHAPTER  L. 
CARBONIFEROUS  PERIOD, 

Rocks  of  the  Period. 

Overlying  the  great  formation  of  the  Old  Red  Sandstone,  or 
Devonian  Rocks,  sometimes  unconformably  but  more  often  in 
perfect  conformity,  we  have  the  large  and  important  series  of 
the  Carboniferous  Rocks,  so  called  because  workable  beds  of 
coal  are  more  commonly  developed  in  this  than  in  any  other 
formation.  It  must  not  be  forgotten,  however,  that  coal  is  not 
exclusively  a  Carboniferous  product,  but  that  workable  seams 
of  coal  occur  in  several  formations  younger  than  the  Carboni- 
ferous. In  all  cases,  too,  the  coal  forms  but  a  very  small  pro- 
portion of  the  actual  thickness  of  the  Carboniferous  Rocks, 
occurring  in  comparatively  thin  beds  intercalated  in  a  great 
series  of  sandstones,  shales,  and  limestones. 

The  Carboniferous  Rocks  are  largely  developed  in  Britain, 
on  the  continent  of  Europe,  and  in  North  America,  and  are 
known  to  occur  in  other  parts  of  the  world  also.  Their  general 
composition,  however,  is,  comparatively  speaking,  so  uniform, 
that  it  will  be  sufficient  to  take  a  general  view  of  the  formation 
without  considering  each  area .  separately.  As  a  general  rule, 
the  Carboniferous  Rocks  may  be  divided  into  the  following 
three  groups,  from  below  upward : — 

1.  The  Carboniferous  Slates  and  Mountain  Limestone,  mainly 
and  most  typically  calcareous.  Sometimes  termed  the  Sub- 
carboniferous  group. 

2.  The  Millstone  Grity  essentially  arenaceous  and  conglome- 
ratic. 

3.  The  Coal-measures y  composed  of  alternating  shales,  sand- 
stones, and  other  strata,  with  workable  beds  of  coal. 

I.  The  Carboniferous,  Sub-carboniferous,  or  Mountain, 
Limestone  constitutes  ordinarily  the  base  of  the  Carboniferous 
system.  In  Ireland,  however,  and  elsewhere,  the  lowest  beds 
of  the  Carboniferous  series  are  slates  and  grits,  which  attain  a 
maximum  thickness  of  S^^^  ^^^%  ^^'^  hz.\^  been  termed  the 
Carboniferous  Slates.  Their  fossils  are  partially  referable  to 
good  Carboniferous  types,  and  partly  to  Devonian  forms,  so 
that  they  may  be  regarded  as  passage-beds.  The  Carboni- 
ferous limestone  proper  in  its  most  fypical  development,  as  in 
Wales  and  the  west  of  England,  consists  of  a  great  mass  of 
nearly  pure  limestone,  from  1000  to  2000  feet  thick,  with  a 
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few  beds  of  shale.  In  other  places,  however,  it  is  more  or 
less  broken  up  into  a  series  of  diflferent  beds  of  limestone, 
alternating  with  sandstones,  grits,  and  shales,  and  sometimes 
containing  beds  of  coal.  In  North  America  it  is  never  purely 
calcareous,  but  consists  mainly,  or  entirely,  of  sandstones  and 
shales,  sometimes  with  thin  beds  of  coal,  or  deposits  of  clay 
iron-ore.  Westward,  however,  it  becomes  more  highly  cal- 
careous. 

II.  The  Millstone  Grit. — The  highest  beds  of  the  Car- 
boniferous limestone  are  succeeded,  usually  conformably  but 
sometimes  unconformably,  by  a  series  of  sandy  and  gritty  beds 
which  have  been  termed  the  Millstone  Grit,  In  its  most 
typical  form  the  Millstone  Grit  consists  of  a  series  of  hard 
quartzose  sandstones,  the  component  grains  of  which  are  some- 
tmies  so  large  as  to  be  more  properly  called  small  pebbles, 
when  the  rock  becomes  a  fine  conglomerate.  In  other  cases 
regular  conglomerates  are  present,  and  there  are  sometimes 
shales,  limestones,  and  thin  beds  of  coal.  The  thickness  of 
the  Millstone  Grit  varies  from  1000  to  1700  feet  as  a  rule; 
but  sometimes  its  thickness  is  very  greatly  diminished.  Fos- 
sils are  scarce,  and  offer  no  peculiarity. 

III.  The  Coai^measures.  —  The  Coal-measures  proper 
succeed  the  Millstone  Grit  conformably,  and  consist  of  a  great 
series  of  shale,  sandstone,  grit,  and  coal,  attaining  a  total 
thickness,  when  well  developed,  of  from  7000  to  iSj^^o  feet. 
Except  in  Scotland,  where  workable  coal-seams  occur  below 
the  horizon  of  the  Millstone  Grit,  it  is  mostly  from  the  true 
Coal-measures  that  coal  is  obtained ;  the  largest  and  most 
productive  coal-fields  of  the  world  occurring  in  Britain,  North 
America,  and  Belgium.  In  their  mineral  nature,  the  Coal- 
measures,  all  over  the  world,  exhibit  a  wonderful  general  uni- 
formity of  composition.  They  consist,  namely,  of  dark,  often 
nearly  black,  earthy  and  laminated  shales,  yellow,  brown,  and 
purple  sandstones,  sometimes  spotted,  but  very  rarely  red  in 
colour,  along  with  occasional  beds  of  limestone  and  clay  iron- 
ore,  and  beds  of  coal  of  varying  thickness.  These  alternating 
beds  may  follow  one  another  in  any  order,  and  may  be  re- 
peated over  and  over  again,  the  total  thickness  sometimes 
reaching  the  enormous  amount  of  14,000  feet,  or  nearly  three 
miles.  In  the  South  Wales  coal-field  the  series  consists  as 
usual  of  sandstones,  shales,  and  coals,  alternating  with  one 
another,  and  indicating  a  slow,  but  probably  intermittent, 
depression  of  the  area  which  they  now  occupy.  In  this  coal- 
field there  are  about  80  distinct  beds  of  coal,  each  of  which 
represents  an  ancient  land-surface.    Each  of  these  beds  re- 
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poses  upon  a  sandy  shale  or  clay,  which  is  known  as  the 
"underclay"  or  "floor"  of  the  coal^and  through  which  spread 
numerous  fossils  referred  to  the  genus  Stigmaria^  and  now 
known  to  be  the  roots  of  plants  \Sigillaria),  Each  seam  is 
also  surmounted  by  a  bed  of  shale,  forming  the  so-<alled 
"  roof"  of  the  coal,  and  in  this  are  found  numerous  flattened 
and  compressed  branches  and  stems  of  plants. 

Life  of  the  Period. — ^The  vegetation  of  the  Carboniferous 
period  is  exceedingly  luxuriant ;  but  its  characters  have  been 
already  so  fully  discussed  as  to  render  unnecessary  anything 
further  here  than  a  mere  allusion  to  its  chief  members.  The 
chief  feature  in  the  Carboniferous  flora  is  the  great  predominance 
of  Cryptogams  as  compared  with  Phanerogams.  The  former 
are  amply  represented  by  numerous  Ferns,  Calamites,  Lepido- 
dendroids,  and,  perhaps,  Sigillarioids.  The  latter,  with  few 
exceptions,  are  represented  only  by  Gymnospermous  Exogens. 

The  Protozoa  are  represented  in  the  Carboniferous  rocks  by 
a  few  Sponges  and  by  the  shells  of  Foraminifera^  of  which  the 
genus  Fusulina  (fig.  ii)  is  tlie  most  characteristic  The  tests 
of  this  form  are  sometimes  so  abundant  as  almost  to  make  up 
the  whole  of  certain  limestones. 

The  Coslenterates  are  represented  almost  exclusively  by 
Corals,  which  abound  especially  in  some  of  the  limestones  of 
the  Lower  Carboniferous  series.  Most  of  the  Carbonifer- 
ous Corals  belong  to  the  Tabulate  division  of  the  Zoantharia 
Sclerodermata^  or  to  the  Rugosa^  and  amongst  the  more  impor- 
tant genera  may  be  mentioned  Lithostrotion^  Syringopora^  Lons- 
daleia^  Cyathophyllum^  AmplexuSy  Favosites^  and  Chatetes, 

Of  the  Echinodermata  the  most  abundant  are  the  Crinoids, 
which  occur  in  vast  profusion  in  most  of  the  limestones  of  the 
Carboniferous  series.  The  most  important  genera  are  Actino- 
crimis,  Platycrinus^  Cyathocrinus,  Poteriocrinus^  and  Rhodocri- 
nus.  In  some  parts  of  the  Carboniferous,  Pentremites  are  also 
exceedingly  abundant  Lastly,  the  Echinoids  are  represented 
by  the  two  aberrant  genera,  Archaocidaris  and  Paiachinus, 

Annelides  are  not  abundant,  with  the  single  exception  of 
the  little  Spirorbis^  or  Microamchus^  carhonarius^  which  some- 
times occurs  in  great  plenty.  The  Crustaceans  belong  chiefly 
to  the  groups  of  the  Ostracoda  and  Phyllopoda.  The  Trilo- 
bites  make  here  their  last  appearance ;  the  genera  Pkillipsia^ 
GriffithideSf  and  BrachymetopuSy  being  the  last  of  the  race. 
The  Eurypterids  also  appear  to  die  out  finally  in  the  Carbon- 
iferous. On  the  other  hand,  the  Xiphosura  are  now  repre- 
sented by  the  genera  Belinurus  and  Presiwichia  (fig.  119);  and 
the  Macrourous  Decapods  appear  to  commence  their  existence 
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at  this  point.  Of  the  Phyllopods,  the  best-known  genera  are 
Dithyrocaris  and  Leaia,  The  little  Ostracoda  are  often  exceed- 
ingly abundant,  some  of  them  belonging  to  marine,  and  others 
to  fresh-water  or  brackish-water  forms.  About  thirteen  genera 
have  been  already  detected  in  rocks  of  Carboniferous  age,  the 
most  important  being  Leperditia,  Bairdia,  Cypridina^  Cythere^ 
Candona,  and  Beyrichia,  of  which  the  last  appears  to  die  out 
here.  Besides  Crustaceans,  the  Arthropods  are  represented 
by  Arachnida,  Myriapoda,  and  Insecta, 

The  Moiiusca  are  very  largely  represented  in  Carboniferous 
seas.  Polyzoa  are  very  abundant,  the  most  characteristic  forms 
belonging  to  the  genera  Fenestella^  Ptilopora^  Rdepora^  and  Ar- 
chimedipora,  Brachiopods  occur  in  profusion,  and  belong  as 
a  rule  to  very  well  marked  types.  The  great  family  of  the 
Prodiididcd  attains  here  its  maximum,  most  of  the  remaining 
forms  belonging  to  the  genera  Spirifera,  Strophomma^  OrthiSy 
Lingula^  Terebratuia,  and  Discina,  Bivalves  are  very  numerous, 
and  the  family  of  the  AviculidcR  reaches  here  its  maximum  of 
development  Other  well-known  Carboniferous  Bivalves  be- 
long to  the  genera  Edmondia,  Posidonomya^  Conocardium^  and 
Cardiomorpha,  The  Gasteropods  are  represented  mainly  by 
the  characteristically  Palaeozoic  genera  Macrocheilus  and  Lox- 
onema^  the  almost  exclusively  Palaeozoic  Euomphalus^  and  the 
persistent  genus  Pleurotomaria.  Heteropods  (Bdla'ophon  and 
Porcellid)  and  Pteropods  ( Conularia)  are  also  not  unknown. 
No  Dibranchiate  Cephalopods  are  as  yet  known  to  occur,  but 
the  Tetrabranchiates  are  well  represented — the  Nautilida  by 
forms  of  Orthoceras  and  CyrtoceraSy  and  the  Atnmonitida  by 
Goniatites, 

The  Vertebrates  are  now  represented  by  Amphibians,  in 
addition  to  Fishes.  The  latter  are  still  chiefly  Ganoid,  the 
commonest  forms  belonging  to  the  genera  PalaoniscuSy  Rhizo- 
dusy  and  Holoptychius.  Besides  these  occur  numerous  teeth 
and  fin-spines  referred  to  Elasmobranchiiy  the  most  important 
genera  founded  on  these  remains  being  Psatnmodus^  Orodus^ 
CochlioduSy  CiadoduSy  Ctenacanthus,  PleuracanthuSy  Gyracanthus, 
LeptacanthuSy  and  Orthacanthus,  The  Amphibians  appear  to 
belong  exclusively  to  the  extinct  order  of  the  Labyrintfwdon- 
Hay  referred  to  many  genera,  of  which  the  most  important  are 
ArchegosauruSy  AnthracosauruSy  and  Baphetes.  Some  of  the 
remains,  however,  of  the  air-breathing  Vertebrates  of  the  Car- 
boniferous period  are  perhaps  higher  in  the  scale  than  Laby- 
rinthodonts ;  and  they  have  been  supposed  to  indicate  the 
existence  at  this  time  of  true  Reptiles. 
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Permian  Period. 

Rocks  of  the  Period. — ^The  Carboniferous  series  is  suc- 
ceeded by  a  group  of  beds,  which  complete  the  Palaeozoic 
formations,  and  which  were  termed  Permian  Rocks  by  Sir 
Roderick  Murchison,  from  the  province  of  Perm,  in  Russia, 
where  they  are  extensively  developed.  Formerly  these  rocks 
were  grouped  with  the  succeeding  formation  of  the  Trias  under 
the  common  name  of  "  New  Red  Sandstone.**  This  name 
was  given  them  because  they  contain  a  good  deal  of  red  sand- 
stone, and  because  they  are  superior  to  the  Carboniferous 
rocks,  while  the  Old  Red  Sandstone  is  inferior.  Nowadays, 
however,  the  term  "  New  Red  Sandstone  "  is  rarely  employed, 
unless  it  be  for  red  sandstones  and  associated  rocks,  which  are 
seen  to  overlie  the  Coal-measures,  but  which  contain  no  fossils 
by  which  their  exact  age  may  be  made  out.  Under  these 
circumstances  it  is  sometimes  convenient  to  employ  the  term 
"  New  Red  Sandstone."  The  New  Red,  however,  of  the  older 
geologists  is  now  broken  up  into  the  two  formations  of  the 
Permian  and  Triassic  rocks,  the  former  being  the  top  of  the 
Palaeozoic  series,  and  the  latter  constituting  the  base  of  the 
Mesozoic 

The  Permian  rocks,  as  a  rule,  repose  unconformably  upon 
the  underlying  Carboniferous  rocks,  but  seem  to  pass  upward 
conformably  into  the  Trias,  in  most  instances.  The  division, 
therefore,  between  the  Permian  and  Triassic  rocks,  and,  con- 
sequently, between  the  Palaeozoic  and  Mesozoic  series,  is  not 
founded  upon  any  marked  or  universal  physical  break,  but 
upon  the  difference  in  the  life  of  the  two  periods. 

The  Permian  rocks  exhibit  their  most  typical  features  in 
Russia  and  Germany,  though  they  are  very  well  developed  in 
parts  of  Britain,  and  they  occur  in  North  America.  When 
well  developed,  they  exhibit  three  main  divisions  :  a  lower  set 
of  sandstones,  a  middle  group,  generally  calcareous,  and  an 
upper  series  of  sandstones,  constituting  respectively  the  Lower, 
Middle,  and  Upper  Permians. 

In  Russia,  Germany,  and  Britain,  the  Permian  rocks  con- 
sist of  the  following  members : — 

I.  The  Lower  Permians  consisting  mainly  of  a  great  series 
of  sandstones,  of  different  colours,  but  usually  red.  The  base 
of  this  series  is  often  constituted  by  massive  breccias  with 
included  fragments  of  the  older  rocks,  upon  which  they  may 
happen  to  repose;  and  similar  breccias  sometimes  occur  in 
the  upper  portion  of  the  series  as  welL     The  thickness  of  this 
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group  varies  a  good  deal,  but  may  amount  to  3000  or  4000 
feet. 

2.  The  Middle  Fermians,  consisting,  in  their  typical  de- 
velopment, of  laminated  marls,  or  "  marl-slate,"  surmounted 
by  beds  of  magnesian  limestone  (the  "  Zechstein  '*  of  the  Ger- 
man geologists).  Sometimes  the  limestones  are  degenerate  or 
wholly  deficient,  and  the  series  may  consist  of  sandy  shales 
and  gypsiferous  clays.  The  magnesian  limestone,  however,  of 
the  Middle  Fermians  is,  as  a  rule,  so  well  marked  a  feature 
that  it  was  long  spoken  of  as  the  Magnesian  Limestone. 

3.  The  Upper  Fermians,  consisting  of  a  series  of  sandstones 
and  shales,  or  of  red  or  mottled  marls,  often  gypsiferous,  and 
sometimes  including  beds  of  limestone. 

In  North  America,  the  Permian  rocks  appear  to  be  confined 
to  the  region  west  of  the  Mississippi,  being  especially  well  de- 
veloped in  Kansas.  Their  exact  limits  have  not  as  yet  been 
made  out,  and  their  total  thickness  is  not  more  than  a  few 
hundred  feet.  They  consist  of  sandstones,  conglomerates, 
limestones,  marls,  and  beds  of  gypsum. 

Life  of  the  Period. — ^The  Permian  Rocks  have  )delded 
a  very  considerable  number  of  plants,  most  of  which  are  speci- 
fically distinct  from  those  of  the  Coal-measures.  Though  the 
species,  however,  are  distinct,  many  of  the  Permian  genera 
date  back  to  the  antecedent  Carboniferous  period.  Thus, 
besides  several  genera  of  Carboniferous  Ferns,  the  Permian 
Rocks  contain  the  well-known  genera  Lepidodendran  and  Cald- 
mites.  The  Sigillarioids,  however,  seem  to  have  finally  dis- 
appeared. Conifers  are  by  no  means  uncommon,  and  some 
of  these  (Ullmanid)  produce  true  cones.  The  genus  Wakhia 
comprises  the  most  characteristic  of  the  Permian  Conifers. 

The  Frotozoa  are  represented  in  the  Permian  deposits  by  a 
few  Sponges  and  Foraminifera.  The  Cceienteraies  are  repre- 
sented by  Corals,  but  these  are  rarely  abundant.  The  Rugosa 
are  reduced  here  to  the  single  genus  Foiycalia,  Crustaceans 
are  also  by  no  means  largely  represented.  The  Trilobita 
have  disappeared,  as  have  the  Eurypterids.  The  King-crabs 
{Limulus)  are,  however,  represented  by  one  species.  Ostracoda 
are  tolerably  abundant,  and  the  genus  Frosopaniscus  has  been 
regarded  as  referable  to  either  the  Isopoda  or  the  Amphipoda, 
Lastly,  the  genus  Hemitrochiscus  has  been  founded  for  the 
reception  of  a  Permian  fossil  which  has  been  regarded  as  the 
remains  of  a  true  Crab.  If  this  determination  be  correct,  the 
tribe  of  Brachyurous  Decapods  has  its  commencement  here. 

Molluscs  occur  in  greater  abundance  than  any  of  the  pre^ 
ceding.     The  genera  Fenestella  and  Acanthocladia  represent  the 
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Polyzoa.  The  most  important  genera  of  Brachiopods  are 
Spiriferaj  Producta,  Strophalosia^  Camarophoria^  and  Ungula, 
Bivalves  are  moderately  numerous,  the  commonest  fonns  be- 
longing to  the  family  Trigoniada  and  to  the  genus  Axinus 
(Schizodus).  Other  forms  belong  to  the  genera  Mytilus^  Bake- 
wdlta^  and  Avicula,  Gasteropods  and  Cephalopods  are,  upon 
the  whole,  very  poorly  represented  in  the  Permian  series. 

The  most  important  Permian  fossils  are  referable  to  the 
Vertebrata,  Fishes  are  comparatively  very  abundant,  and  be- 
long almost  entirely  to  the  order  of  the  Ganoids.  The  most 
characteristic  genera  are  Palaoniscus^  Platysomusy  Pygopterus^ 
GyropristiSy  AcroiepiSy  and  Cos/acanthus.  The  Amphibians  are 
represented  by  various  forms  belonging  to  the  Labyrinthodonti€u 
True  Reptiles  are  represented  by  the  Proiorosaurus  of  the 
"Kupfer-schiefer"  of  Germany,  and  somewhat  doubtfully  by 
the  Chelonian  footprints  {Chdiclinus)  from  the  Permian  Sand- 
stones of  Dumfriesshire. 


CHAPTER    LI. 
TRIASSIC    PERIOD. 

Rocks  of  the  Period. 

We  come  now  to  the  consideration  of  the  great  MesozoiCy  or 
Secondary  series  of  formations,  consisting,  in  ascending  order, 
of  the  Triassic,  Jurassic,  and  Cretaceous  systems.  The  Trias- 
sic  group  forms  the  base  of  the  Mesozoic  series,  and  corre- 
sponds with  the  higher  portion  of  the  New  Red  Sandstone  of 
the  older  geologists.  Like  the  Permian  Rocks,  and  as  implied 
by  its  name,  the  Trias  admits  of  a  subdivision  into  three 
groups — a  Lower,  Middle,  and  Upper  Trias.  Of  these  sub- 
divisions the  middle  one  is  wanting  in  Britain ;  and  all  have 
received  German  names,  being  more  largely  and  typically  de- 
veloped in  Germany  than  in  any  other  country.  Thus,  the 
Lower  Trias  is  known  as  the  Bunter  Sandstdn;  the  Middle 
Trias  is  called  the  Muschdkalky  and  the  Upper  Trias  is  known 
as  the  Keuper. 

I.  The  lowest  division  of  the  Trias  is  known  as  the  Bunter 
Sandsteifiy  from  the  generally  variegated  colours  of  the  beds 
which  compose  it  (German,  Ininty  variegated).  The  Bunter 
Sandstein  of  the  continent  of  Europe  consists  of  red  and 
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white  sandstones,  with  red  clays,  and  thin  limestones,  the 
whole  attaining  a  thickness  of  about  1500  feet  The  term 
"  marl "  is  very  generally  employed  to  designate  the  clays  of 
the  Lower  and  Upper  Trias,  but  the  tenn  is  inappropriate,  as 
they  contain  no  lime,  and  are  therefore  not  genuine  marls. 
In  Britain  the  Bunter  Sandstein  consists  of  red  and  mottled 
sandstones,  with  unconsolidated  conglomerates,  or  "pebble- 
beds,"  the  whole  having  a  thickness  of  about  1 200  feet.  The 
Bunter  Sandstein,  as  a  rule,  is  very  barren  of  fossils. 

II.  The  Middle  Trias  is  not  developed  in  Britain,  but  it 
is  largely  developed  in  Germany,  where  it  constitutes  what  is 
known  as  the  Muschdkalk  (Germ.  Muschel^  mussel ;  kalk^  lime- 
stone), from  the  abundance  of  fossil  shells  which  it  contains. 
The  Muschelkalk  consists  of  compact  grey  or  yellowish  lime- 
stones, sometimes  dolomitic,  and  including  occasional  beds  of 
gypsum  and  rock-salt 

III.  The  Upper  Trias,  or  Keuper^  as  it  is  generally  called, 
occurs  in  England ;  but  is  not  so  well  developed  as  it  is  in 
Germany.  In  Britain  the  Keuper  is  about  1000  feet  in  thick- 
ness, and  consists  of  white  and  brown  sandstones,  with  red 
marls,  the  whole  topped  by  red  clays  with  rock-salt  and 
gypsum. 

The  Keuper  in  Britain  is  extremely  unfossiliferous ;  but  it 
passes  upwards  with  perfect  conformity  into  a  very  remarkable 
group  of  beds,  at  one  time  classed  with  the  Lias,  and  now 
known  under  the  names  of  the  Penarth  beds  (from  Penarth,  in 
Glamorganshire),  the  Rhaetic  beds  (from  the  Rhaetic  Alps),  or 
the  Avicula  contorta  beds  (from  the  occurrence  in  them  of 
great  numbers  of  this  peculiar  Bivalve).  These  singular  beds 
have  been  variously  regarded  as  the  highest  beds  of  the  Trias, 
or  the  lowest  beds  of  the  Lias,  or  as  an  intermediate  group. 
The  phenomena  observed  on  the  Continent,  however,  render 
it  best  to  consider  them  as  Triassic,  as  they  certainly  agree 
with  the  so-called  St  Cassian  or  Kossen  beds  which  form  the 
top  of  the  Trias  in  the  Austrian  Alps. 

The  Penarth  beds  occur  in  Glamorganshire,  Gloucestershire, 
Warwickshire,  Staffordshire,  and  the  north  of  Ireland;  and 
they  generally  consist  of  a  small  thickness  of  dark  grey  and 
black  shales,  surmounted  conformably  by  the  lowest  beds  of 
the  Lias.  The  most  characteristic  fossils  which  they  contain 
are  the  three  Bivalves  Cardium  RhcBticum^  Avicula  contorta^ 
and  Pedm  Valoniensis ;  but  they  have  yielded  many  other 
fossils,  amongst  which  the  most  important  are  the  remains  of 
Fishes  and  small  Mammals  {Microlestes). 

In  the  Austrian  Alps  the  Trias  terminates  upwards  in  an 
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I.  Koessen  beds. 

(Synonyms,  Upper  St  . 
Cassian  beds  of  Escher  * 
and  Merian). 


2.  Dachstein  beds. 


extraordinary  series  of  fossiliferous  beds,  replete  with  marine 
fossils.  Sir  Charles  Lyell  gives  the  following  table  of  these 
remarkable  deposits : — 

Strata  bdcw  the  Luis  in  the  Austrian  Alps,  in  Descending  Order. 

/Grey  and  black  limestone,  with  calcareous 
marls  having  a  thickness  of  about  50 
feet.  Among  the  fossils,  Brachiopoda 
very  numerous  ;  some  few  species  com- 
mon to  the  genuine  Lias  ;  many  pecu- 
liar. Avicula  contorta,  Pecten  ValO' 
niensis,  Cardium  Rhceticum^  Avicula 
inaqurvahns,  Spiri/er  Miinsteri^  Dav. 
Strata  containing  the  above  fossils  al- 
ternate with  the  Dachstein  beds,  lying 

\^    next  below. 

^White  or  greyish  limestone,  often  in  beds 
three  or  four  feet  thick.  Total  thick- 
ness of  the  formation  above  2000  feet. 
Upper  part  fossiliferous,  with  some 
strata  composed  of  corals.  {Lithoden- 
dron.)  Lower  portion  without  fossils. 
Among  the  characteristic  shells  are  ffe- 
micaraium  Wulferii,  Megalodon  triqueter, 
and  other  large  bivalves. 

'  Red,  pink,  or  white  marble,  from  800  to 
1000  feet  in  thickness,  containing  more 
than  8cx>  species  of  marine  fossils,  for 
the  most  part  moUusca.  Many  species 
of  Orthoceras.  True  Ammonites^yicsAt& 
Ceratites  and  Goniatites,  Beiemnites  (rare), 
Porcellia^  Pleurotomaria^  Trochus^  Mono^ 
tis  salinaria^  &c. 

*  A.  Black  and  grey  lime- 
stone 1 50  feet  thick,  al- 
ternating with  the  un- 
derlying Werfen  beds. 
B.  Red  and  green  shale 
and  sandstone,  with 
salt  and  gypsuuL 

In  the  United  States,  rocks  of  Triassic  age  occur  in  several 
areas  between  the  Appalachians  and  the  Atlantic  seaboard ; 
but  they  show  no  such  triple  division  as  in  Germany,  and  their 
exact  place  in  jthe  system  is  uncertain.  The  rocks  of  these 
areas  consist  of  red  sandstones,  sometimes  shaly  or  conglomer- 
atic, occasionally  with  beds  of  impure  limestone.  Other  more 
extensive  areas  where  Triassic  rocks  appear  at  the  surface,  are 
found  west  of  the  Mississippi,  on  the  slopes  of  the  Rocky  Moun- 
tains, where  the  beds  consist  of  sandstones  and  gypsiferous 
marls.  The  American  Trias  is  chiefly  remarkable  for  having 
jdelded  the  remains  of  a  small  Marsupial  {JDromatherium)  and 


3.  Hallstadt  beds 

(or  St  Cassian). 


< 


4.  A,  Guttenstein  beds. 
B.  Werfen  beds,  base  of 
Upper  Trias  ? 
Lower  Trias  of  some 
geologists. 


I 


/ 


Among  the  fossils 
are  Ceratitet 
eassiammSt  Mjf 
acites  /eusa^m- 
sis,  NaticeUa 
costata,  &C. 
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numerous  footprints,  which  have  generally  been  referred  to 
Birds  (Broniozaum)f  along  with  the  tracks  of  undoubted  Rep- 
tiles (Oiozoumy  Anisoftts,  &c.) 

Life  of  the  Triassic  Period. — The  Triassic  period,  as 
regards  its  plants  and  animals,  is  in  many  respects  intermedi- 
ate between  the  Palaeozoic  and  the  later  Mesozoic  deposits, 
whilst  being  itself  decidedly  Mesozoic.  Amongst  the  plants 
there  are  some  Palaeozoic  types  (such  as  Catamites)  \  but  there 
is  no  longer  a  marked  predominance  of  Cryptogams,  and  the 
leading  forms  are  Ferns  {Fecopieris,  NeurapteriSy  Acrosiichites, 
&c.),  Cycads  {Pterophyllum^  Podozatnites^  &c.),  and  Conifers 
(chiefly  belonging  to  the  genus  Volizia). 

The  Protozoa  are  represented  in  Triassic  times  by  several 
sponges  {Amorphosfongia,  Cupuiispongia^  Leiospongiay  &c.) 
Corals  are  by  no  means  infrequent  in  the  Muschelkalk,  and  in 
some  of  the  limestones  of  the  Upper  Trias ;  but  they  are  other- 
wise rare.  They  belong  mostly  to  Secondary  types,  such  as 
MontlivcUtiay  Synastraa^  Acrosmilia,  Eunomia^  &c  The  Echi- 
noderms  are  rarely  abundant,  but  two  forms  are  exceedingly 
characteristic  of  the  Muschelkalk.  These  are  the  beautiful 
Lily-encrinite,  Eticrinus  liliiformis  (^g.  80),  and  the  little 
Ophiurid,  Aspidura  loricata  {Ja%.  71). 

Articulates  are  not  abundant,  with  the  exception  of  Ostra- 
coda^  which  are  sometimes  very  plentiful.  The  other  common 
forms  are  referable  to  Estheria;  but  Macrurous  Decapods  have 
also  been  detected.  Besides  Crustaceans,  several  forms  of 
Insects  have  been  discovered. 

The  MoUusca  are  exceedingly  abundant  in  parts  of  the  Tri- 
assic series,  and  they  exhibit  an  extraordinary  intermixture  of 
Palaeozoic  and  Mesozoic  types.  This  is  shown  in  a  synoptical 
manner  in  the  following  table  of  the  MoUtisca  of  the  Upper 
Trias  of  the  Austrian  Alps,  given  by  Sir  Charles  Lyell  in  his 
*  Elements  of  Geology : ' — 


Genera  of  Fossil  MoUusca  in  the  St  Cassian  and  Hallstadt  Beds* 


Common  to  Older  Rocks. 

Cyrtoceras. 

Orthoceras. 

Goniatites. 

Loxonema. 

Holopella. 

Murchisonia. 

Euomphalus. 

Porcellia. 

Megalodon. 

Cyrtia. 


Characteristic  Triassic 
Genera. 

Ceratites. 
Scoliostoma  (or 

Cochlearia). 
Naticella. 
Platjstoma. 
Isoarca. 
Pleurophoras. 
Myophoria. 
Monotis. 
Koninckia. 


Common  to  Newer  Rocks. 

Ammonites. 

Belemnites. 

Nerinsea. 

Opis. 

Cardita. 

Trigonia. 

Myoconchus. 

Ostrea.     i  sp. 

Plicatula. 

Thecidium. 
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From  the  above  table  it  will  be  seen,  that  amongst  the  Gas- 
ttropoda  the  Trias  has  yielded  the  characteristically  Paleozoic 
Loxofuma,  Holopellay  Murchisania,  and  EuomphcUus^  all  of 
which  commence  their  existence  in  the  Silurian  period.  With 
these  are  forms  like  Scoliostama  and  Platystoma^  which  are 
characteristically  Triassic,  and  these  are  associated  with  such 
a  typical  Jurassic  genus  as  Nerinaa,  Amongst  the  Bivalves, 
we  find  the  Palaeozoic  Megalodon  side  by  side  with  the  Triassic 
Manotis  and  Myophariay  these  being  associated  with  the  Tri- 
gonicBj  Plicattda^  and  Oysters  of  later  deposits.  The  Brachi- 
opods  exhibit  the  Palaeozoic  Cyrtia^  with  the  Triassic  Koninc- 
kia,  and  the  modem  genus  Thmdium.  Lastly,  amongst  the 
Cephalopods,  this  same  intermingling  of  old  and  new  types  is 
shown  in  its  most  striking  form.  The  ancient  genera  OrthoceraSy 
CyrtoceraSy  and  GomatiUs  appear  here  for  the  last  time  upon 
the  scene.  With  these  are  the  first  Dibranchiate  Cephalopods, 
represented  by  the  great  Mesozoic  genus  Bekmnites.  The 
AmtnonUidcRy  with  the  disappearance  of  the  comparatively 
simple  GoniatiteSy  are  represented  by  the  more  complex  Cera- 
iitesy  which  is  exclusively  Triassic ;  whilst  the  still  more  com- 
plicated genus  Ammonites  makes  its  first  appearance  here,  and 
is  never  again  wanting  till  we  reach  the  close  of  the  Mesozoic 
period. 

The  Vertdn-ata  are  represented  in  the  Triassic  period  ap- 
parently by  members  of  all  the  existing  classes.  Fishes  are 
very  numerous,  and  belong  chiefly  to  the  Hybodonts,  Acro- 
donts,  and  Ganoids.  Amongst  the  more  important  forms  we 
find  the  Palaeozoic  genera  Palceoniscus  and  AmblypteruSy  with 
the  Secondary  Hybodus  and  AcroduSy  and  the  Triassic  genus 
Saurichthys,  We  may  also  assert  now  with  tolerable  safety, 
that  the  order  of  the  Dipnoous  Fishes  was  represented  in 
Triassic  times  by  various  species  of  the  genus  Ceratodus. 

The  Amphibians  of  the  Trias  are  known  both  by  the  actual 
bones  and  teeth,  and  still  more  commonly  by  their  footprints. 
They  belonged  exclusively  to  the  order  of  the  Labyrinthodan- 
Hay  which  disappears  finally  at  the  close  of  this  period. 

Of  the  living  orders  of  the  Reptiles,  the  Chelonians  are  only 
known  by  more  or  less  doubtful  footprints ;  the  Lacertilians 
are  represented  by  Tderpdon  and  Rhynchosaurus  (the  last  often 
referred  to  the  Dic)aiodonts) ;  the  Crocodilia  are  represented 
by  Stagonolepisy  BdodoUy  ThecodontosauruSy  and  Palaosaurus 
(the  last  two  referred  by  Huxley  to  the  Deinosaurs) ;  and  the 
Ophidians  do  not  appear  to  have  yet  commenced  their  exist- 
ence. Of  the  extinct  orders  of  Reptiles,  the  Pterosaurs  are 
unknown  in  the  Trias,  and  the  Ichthyosaurs  are  not  with  cer- 
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tainty  known  to  have  existed.  The  Plesiosaurs  are  represented 
by  species  of  Plesiosaurus  itself,  and  by  the  allied  genera  Simo- 
saurus^  Nothosaurus^  Pistosaurus^  &a  The  Anomodontia  are 
represented  by  the  genera  Dkynodon  and  Oudenodon;  whilst 
Rhynchosanrus  is  referred  by  Owen  to  this  group.  Lastly,  the 
Deinosaurs  are  represented,  according  to  Huxley,  by  several 
forms,  amongst  which  the  most  important  are  the  "Thecodont" 
Palaosaurus  and  77iecad(mtosaurus,  both  of  which  have  been 
referred  by  other  writers  to  difiEerent  groups  of  the  Reptilia, 

The  existence  of  Birds  during  the  Triassic  period  must,  as 
yet,  be  regarded  as  uncertain.  The  only  evidence  as  to  their 
existence  which  has  been  hitherto  obtained,  consists  in  the 
paired  footprints  which  have  been  already  spoken  of  as  occur- 
ring in  the  Triassic  strata  of  the  Connecticut  Valley.  These 
footprints  are  very  numerous,  and  are  often  of  very  large  size ; 
and  there  is  no  doubt  but  that  many  of  them  were  produced 
by  animals  walking  upon  two  legs.  Some  of  them,  however, 
have  been  unquestionably  produced  by  Reptiles ;  and  it  must 
at  present  remain  uncertain  whether  all  have  been  thus  formed, 
or  whether  some  may  not  have  been  formed  by  Birds.  The 
probabilities,  however,  are  in  favour  of  the  view  that  some  of 
these  tracks  are  truly  ornithic. 

Lastly,  the  Mammals  are  represented  in  the  Trias  only  by 
the  small  forms  referred  to  the  genera  MicroUstes  and  Droma- 
therium^  both  of  which  are  probably  referable  to  the  order  of 
the  Marsupials. 


CHAPTER    LH. 
JURASSIC   PERIOD. 

Rocks  of  the  Period. 

Succeeding  to  the  Trias,  we  have  a  great  series  of  Rocks 
which  are  known  as  the  Oolitic  Rocks,  from  their  commonly 
containing  oolitic  limestones,  or  as  the  Jurassic  Series,  from 
their  being  largely  developed  in  the  mountain -range  of  the 
Jura,  on  the  western  borders  of  Switzerland.  The  Jurassic 
rocks  are  very  extensively  developed  in  Britain,  where  they 
consist  of  the  following  members  in  ascending  order : 

I.  Lias. 

II.  Lower  Oolites  (consisting  of  the  Inferior  Oolite,  Fuller's 

Earth,  Great  Oolite,  Stonesfield  Slate,  &c) 
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III.  Middle  Oolites  (Oxford  Clay  and  Coral-rag). 

IV.  Upper  Oolites  (Kimmeridge  Clay,  Portland  Stone,  and 

Purbeck  beds). 

I.  The  Lias  succeeds  the  uppermost  beds  of  the  Trias  with 
perfect  conformity,  and  passes  upward,  generally  conformably, 
into  the  lowest  beds  of  the  Lower  Oolites.  It  consists  essen- 
tially of  a  great  series  of  bluish  or  greyish  laminated  clays, 
alternating  with  thin  bands  of  blue  or  grey  limestone,  the 
whole  assuming  at  a  distance  a  characteristically  striped  and 
banded  appearance. 

II.  The  Lower  Oolites  consist  of  calcareous  freestones  (In- 
ferior Oolite),  shales,  clays,  and  marls  (Fuller's  earth),  fine- 
grained Oolitic  limestones  (Great  Oolite),  with  calcareous 
flags  at  the  base  (Stonesfield  slate),  and  superiorly  shelly  lime- 
stones and  calcareous  sandstones  (Forest  -  marble  and  Corn- 
brash),  the  whole  having  a  thickness  of  from  400  to  500  feet 
In  Yorkshire  the  Lower  Oolites  consist  of  limestones  with  car- 
bonaceous shales  and  thin  seams  of  coal,  which  are  sufficiently 
extensive  and  constant  to  be  worked  for  coal.  Of  this  age, 
also,  is  probably  the  coal-field  of  Brora,  in  Sutherlandshire,  in 
the  north  of  Scotland. 

III.  The  Middle  Oolites  are  composed  of  a  great  mass  of 
dark-blue  tenacious  clay  (Oxford  clay),  with  a  maximum  thick- 
ness of  700  feet,  surmounted  by  from  150  to  250  feet  of  lime- 
stones, known  as  the  Coral-rag,  from  the  number  of  corals  con- 
tained in  them. 

IV.  The  Upper  Oolites  consist  in  Britain  of  laminated,  some- 
times carbonaceous  or  bituminous  clays  (Kimmeridge  clay), 
forming  the  base  of  the  group,  and  having  a  thickness  of  500 
or  600  feet.  These  are  succeeded  by  sandstones  and  lime- 
stones (Portland  stone)  of  about  120  feet  in  thickness;  and 
the  formation  is  capped  by  a  remarkable  group  of  alternating 
strata  of  fresh-water,  brackish-water,  and  marine  beds,  with  old 
land-surfaces,  the  whole  known  as  the  Purbeck  beds,  and 
having  a  united  thickness  of  about  150  feet.  Of  the  same  age 
as  the  Upper  Oolites  in  Britain  is  the  Solenhofen  slate  of 
Bavaria,  an  exceedingly  fine-grained  stone,  which  is  largely 
used  in  lithography,  and  is  celebrated  for  the  number  and 
beauty  of  its  organic  remains,  especially  those  of  Vertebrates. 

Rocks  belonging  to  the  Jurassic  series,  in  the  form  of  lime- 
stones and  marls,  have  been  detected  by  their  fossils  in  the 
Laramie  Mountains  and  in  other  portions  of  the  Rocky  Moun- 
tains, and  also  at  various  points  in  Arctic  America.  The  ex- 
tent, however,  of  these  beds  is  unknown,  and  no  subdivisions 
have  hitherto  been  established  in  them. 
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Life  of  the  Period.  —  The  vegetation  of  the  Jurassic 
period  is  characterised  by  the  abundance  of  Ferns,  Cycads, 
and  Conifers — the  Cycadacea  attaining  here  their  maximum  of 
development. 

The  Protozoa  are  represented  by  numerous  Foraminifera 
and  by  Sponges.  Of  the  former  the  genera  Involutinay  Nodo- 
saria,  Cristellaria^  Dentalina^  and  Frondicularia  may  be  men- 
tioned as  amongst  the  most  important.  Of  the  latter  the  chief 
forms  belong  to  Cribrospongiay  Actinospongiay  Porospongiay 
Goniospongia,  Ferispongiay  Chmendoporay  and  Scyphia, 

The  Coelenterates  are  represented  in  the  Jurassic  period  by 
numerous  corals,  which  are  exceediiv?iy  abundant  in  some  of 
the  limestones  of  the  series  (such  as  the  Coral-rag  and  the 
Great  Oolite).  The  number  of  Oolitic  genera  of  Corals  is 
very  large,  but  the  commonest  and  most  characteristic  forms 
belong  to  Thamnastraay  Isastraa,  Frionasiraay  Anabaday  Mont- 
iivaitiay  Thecosmiliaj  Eunomiay  FrotoseriSy  Comosens,  Den- 
drarea^  Dactylareaj  Lobocania,  Aplophyllia,  Trochocyathus,  and 
StylifM. 

The  Echinoderms  are  very  largely  represented  all  through 
the  Jurassic  Series.  The  Crinoids  are  represented  both  by 
stalked  forms  (Fentacrinus^  ExtrcLcrinuSy  Apiocrinus,  &c.)  and 
by  free  forms  {Saccosoma).  Echinoids  are  extremely  abundant 
in  many  parts  of  the  series,  the  commonest  generic  types  being 
HemicidariSy  Diademay  Fseudodiademay  NudeoliteSy  Dysaster 
{Colly rites)y  Acrosalmiay  and  Cidaris.  True  Star-fishes  ( OrasttTy 
TropidasteTy  FlumasteTy  Solastery  and  Astropectm)  are  not  un- 
known, and  Ophiuroids  {Ophiodermay  OphiolepiSy  AcrourUy  &c.) 
are  far  from  uncommon. 

As  regards  the  Arthropods,  Crustaceans  are  abundantly 
found  in  certain  beds  (especially  in  the  Solenhofen  Slates). 
The  orders  which  are  most  largely  represented  are  the  Decapoda 
(with  many  forms,  both  Macrurous  and  Brachyurous),  the  Cir- 
ripedicy  and  the  Ostracoda.  Besides  Crustaceans,  the  Oolitic 
rocks  have  yielded  numerous  Insects,  belong  to  the  orders 
Coleopteray  Neuroptcray  Orthopteray  Hemipteray  Dipteray  and 
Hymenoptera.    True  Spiders  have  also  been  detected. 

Coming  to  the  Molluscay  Brachiopods  are  still  abundant, 
though  they  do  not  fill  such  a  predominant  place  in  the  marine 
fauna  as  in  many  Palaeozoic  deposits.  The  Palaeozoic  genera 
Leptcma  and  Spirifera  appear  here  (in  the  Lias)  for  the  last 
time ;  and  most  of  the  Jurassic  forms  belong  to  the  modem 
genera  Terdfratula  and  Rhynchondla.  Bivalves  are  very  abun- 
dant, and  approximate  in  many  respects  to  existing  forms. 
The  sub-genera  Gryphaa  and  Exogyra  amongst  the  Oysters, 
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along  with  numerous  fonns  of  Osirea  itself,  and  the  genera 
Trigonia^  Lima  {Flagiosioma),  Pholadomya,  Cardinia^  and 
Avicula  may  be  mentioned  as  comprising  most  of  the  com- 
moner forms.  One  of  the  most  remarkable,  however,  of  the 
Oolitic  genera  of  Lamellibranchs  is  Diuras  (fig.  189),  com- 
prising certain  singular  shells  allied  to  the  existing  Cham€L 
These  are  so  abundant  in  a  limestone  of  the  Alps  of  the  age 
of  the  Coral-rag  as  to  have  gained  for  this  formation  the  name 
of  "  Diceras  Limestone." 

Of  the  Gasteropoda  there  are  many  examples  of  the  ancient 
genus  Plmrotomaria ;  but  on  the  whole  the  Univalves  have  a 
modem  aspect  Holostomatous  Univalves,  such  as  Nerita^ 
Patella^  Natica^  Turritella,  Chemnitziay  and  Nerinaa^  still  hold 
a  predominant  place  ;  and  species  of  the  last-named  genus  are 
especially  characteristic  of  parts  of  the  series.  The  Tertiary 
and  modem  genus,  Cerithium^  also  makes  its  first  appearance 
here.  Though  the  Holostomata  still  predominate,  there  is  now 
a  fair  proportion  of  the  carnivorous  siphonostomatous  Univalves, 
and  many  of  these  are  referable  to  existing  genera.  Thus, 
with  the  extinct  Purpuroidea  are  found  forms  belonging  to 
such  genera  as  Pttroceras^  Rosiellaria,  Buccinum^  Fusus,  MureXy 
and  Pieurotoma,  The  Cephalopoda  are  exceedingly  abundant 
all  through  the  Jurassic  series,  and  are  represented  by  both 
Dibranchiate  and  Tetrabranchiate  types.  The  Dibranchiate 
Belemniiida  here  attained  their  maximum  of  development, 
many  beds  being  literally  charged  with  the  guards  of  these 
extinct  cuttle-fishes.  The  Tetrabranchiates  are  represented 
by  various  species  of  the  persistent  genus  Nautilus^  but  more 
especially  by  species  of  Ammonites^  which  are  extraordinarily 
plentiful  and  of  the  most  varied  forms.  Speaking  generally, 
Ammonites  and  Belemnites  may  be  stated  to  be  the  charac- 
teristic fossils  of  the  Jurassic  period. 

In  the  fresh-water  strata  of  the  Oolites  (Purbeck  beds),  the 
Molluscs,  as  a  matter  of  course,  belong  to  forms  which  now 
inhabit  fresh  water.  Thus,  amongst  the  Bivalves  we  have  the 
genus  Cyrenay  and  amongst  the  Gasteropods  we  meet  with  the 
genera  Pianorbis,  Physa,  Paludinay  and  Melanopsis.  As  regards 
the  Vertebrates,  little  need  be  said  about  the  Jurassic  fishes, 
which  belong  to  the  Ganoidei  and  Elasmobranchiu  The  Ganoids 
now  possess,  many  of  them,  S3anmetrical  tails,  and  the  most 
important  genera  are  Tetragonolepis^  Dapedius^  ^chmodus^ 
PycnoduSy  Leptolepis^  and  Aspidorhynchus,  The  Cestraphort 
are  represented  by  Hybodonts  {Hybodtis  and  Strophodtis)  and 
Acrodus,  Lastly,  the  tme  Sharks  are  not  without  Jurassic 
representatives  (Notidanus), 
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The  Reptilia  have  an  enormous  development  in  Oolitic 
times,  and  are  represented  both  by  forms  allied  to  those  now 
in  existence  and  by  types  which  are  now  altogether  extinct.  Of 
the  living  forms  there  are  as  yet  no  Ophidians,  but  the  Che- 
lonians  are  represented  by  various  genera  (Idiochelys^  Eury- 
sternum^  and  Cheione),  The  Lacertilians  are  represented  by 
several  forms  of  no  special  importance,  and  the  Crocodilia  were 
represented  by  species  with  amphicoelous  vertebra  ( Tdeosaurus 
and  Steneosaurus).  Of  the  extinct  orders  of  Reptiles,  the  Ichthyop- 
terygia,  comprising  only  the  genus  Ichthyosaurtis,  form  a  very 
marked  feature  in  the  Reptilian  fauna  of  the  Jurassic  period. 
Numerous  species  oi  Ichthyosaurus  ax^  known  ;  and  the  remains 
of  individuals  are  very  abundant  in  certain  beds,  especially  in 
the  Lias.  The  Sauropterygia  are  represented  by  numerous 
species  of  Pksiosaurusy  remains  of  which  are  also  very  abun- 
dant in  the  Lias  and  in  other  parts  of  the  OoUtic  series.  The 
Pterosauria  are  represented  by  all  their  chief  genera  {Ptero- 
dactyluSy  Dimorphodon^  and  Ramphorhynchus)  ;  and  though 
commencing  in  the  Lias,  they  are  most  abundant  in  the  Solen- 
hofen  Slate.  The  Dicynodonts  appear  to  have  died  out ;  but 
the  Deinosaurs  are  largely  represented,  chiefly  by  the  genera 
Megalosattrus  and  Cetiosaurus, 

The  Birds  have  no  other  representative  in  the  Oolitic  period 
than  the  extraordinary  Archcsopteryx  macrura  of  the  Solenhofen 
Slates — the  first  undoubted  indication  of  birds  in  the  geolo- 
gical record.  As  has  been  before  pointed  out,  this  Jurassic 
bird  differed  in  several  most  important  characters  from  all 
known  members  of  the  class,  whether  living  or  extinct ;  its 
most  striking  peculiarity  being  the  possession  of  a  long,  lizard- 
like tail  composed  of  free  vertebrae,  of  which  each  supported  a 
pair  of  quill-feathers. 

The  Mammals,  taking  all  things  into  consideration,  are  well 
represented  in  the  Jurassic  series,  their  remains  belonging  to 
the  two  horizons  of  the  Stonesfield  Slate  (Lower  Oolites)  and 
the  Purbeck  beds  (Upper  Oolites).  The  Stonesfield  Mammals 
— viz.,  Amphitherium,  AmphiUstes,  Phascolotherium^  and  Stereog- 
nathus — are  all  of  small  size ;  and  the  first  three  appear  to  be 
certainly  Marsupial.  Stereognathus  may  be  also  a  Marsupial, 
but  its  true  affinities  are  uncertain.  The  Purbeck  Mammals 
— Triconodon^  Spalacotherium^  Galestes^  and  Plagiauiax — were 
likewise  all  of  small  size,  and  they  appear  to  have  been  all 
Marsupial ;  the  three  first-named  being  probably  insectivorous, 
whilst  the  last  appears  to  have  been  a  vegetable-feeder. 
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CHAPTER    LIII. 
CRETACEOUS    PERIOD, 

Rocks  of  the  Period. 

The  next  series  of  rocks  in  ascending  order  is  the  great  and 
important  series  of  the  Cretaceous  Rocks,  so  called  from  the 
general  occurrence  in  the  system  of  chalk  (Lat  creta,  chalk). 
As  developed  in  Britain  and  Europe  generally,  the  following 
leading  subdivisions  may  be  recognised  in  the  Cretaceous 
series : — 

1.  Wealden,  )  x  o    4. 

2.  Lower  Greensand  or  Neocomian,  }  ^^^'  Cretaceous. 

3.  Gault,  1 

4.  Upper  Greensand.  Upper  Cretaceous. 

6.  Maestricht  beds,  J 

I.  The  Wealden  formation,  though  of  considerable  impor- 
tance, is  a  local  group,  and  is  confined  to  the  south-east  of 
England,  France,  and  some  other  parts  of  Europe.  Its  name 
is  derived  from  the  Weaid,  2l  district  comprising  parts  of 
Surrey,  Sussex,  and  Kent,  where  it  is  largely  developed.  Its 
lower  portion,  for  a  thickness  of  from  500  to  1000  feet,  is 
arenaceous,  and  is  known  as  the  Hastings  Sands.  Its  Upper 
portion,  for  a  thickness  of  150  to  nearly  300  feet,  is  chiefly 
argillaceous,  consisting  of  clays  with  sandy  layers,  and  occa- 
sionally courses  of  limestone.  The  geological  importance  of  the 
Wealden  formation  is  very  great,  as  it  is  undoubtedly  the 
delta  of  an  ancient  river,  being  composed  almost  wholly  of 
fresh-water  beds,  with  a  few  brackish-water  and  even  marine 
strata,  intercalated  in  the  lower  portion.  Its  geographical 
extent,  though  uncertain,  owing  to  the  enormous  denudation 
to  which  it  has  been  subjected,  is  nevertheless  great,  since  it 
extends  from  Dorsetshire  to  France,  and  occurs  also  in  North 
Germany.  Still,  even  if  it  were  continuous  between  all  these 
points,  it  would  not  be  larger  than  the  delta  of  such  a  modem 
river  as  the  Ganges.  The  river  which  produced  the  Wealden 
series  must  have  flowed  from  an  ancient  continent  occupying 
what  is  now.  the  Atlantic  Ocean ;  and  the  time  occupied  in 
the  formation  of  the  Wealden  must  have  been  very  great, 
though  we  have,  of  course,  no  data  by  which  we  can  accu- 
rately calculate  its  duration. 


UT 
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The  fossils  of  the  Wealden  series  are,  naturally,  mostly  the 
remains  of  such  animals  as  we  know  at  the  present  day  as  in- 
habiting rivers.  We  have,  namely,  fresh-water  mussels  ( Unio)^ 
river-snails  (Paludina\  and  other  fresh-water  shells,  with  nume- 
rous little  bivalved  Crustaceans,  and  some  fishes. 

II.  The  Wealden  beds  pass  upward,  often  by  insensible 
gradations,  into  the  Lower  Greensand,  The  name  Lower 
Greensand  is  not  an  appropriate  one,  for  green  sands  only 
occur  sparingly  and  occasionally,  and  are  found  in  other  for- 
mations. For  this  reason  it  has  been  proposed  to  substitute 
for  Lower  Greensand  the  name  Neocomian^  derived  from  the 
town  of  Neufchitel — anciently  called  Neocomum — in  Switzer- 
land. If  this  name  were  adopted,  as  it  ought  to  be,  the 
Wealden  beds  would  be  called  the  Lower  Neocomian. 

The  Lower  Greensand  or  Neocomian  of  Britain  has  a  thick- 
ness of  about  850  feet,  and  consists  of  alternations  of  sands, 
sandstones,  and  clays,  with  occasional  calcareous  bands.  The 
general  colour  of  the  series  is  dark  brown,  sometimes  red,  and 
the  sands  are  occasionally  green,  from  the  presence  of  silicate 
of  iron. 

The  fossils  of  the  Lower  Greensand  are  purely  marine,  and 
among  the  most  characteristic  are  the  shells  of  Cephalopods, 

The  most  remarkable  point,  however,  about  the  fossils  of 
the  Lower  Cretaceous  series,  is  their  marked  divergence  from 
the  fossils  of  the  Upper  Cretaceous  rocks.  Of  280  species  of 
fossils  in  the  Lower  Cretaceous  series,  only  51,  or  about  18 
per  cent,  pass  on  into  the  Upper  Cretaceous.  This  break  in 
the  life  of  the  two  periods  is  accompanied  by  a  decided  phy- 
sical break  as  well,  for  the  Gault  is  often,  if  not  always,  uncon- 
formably  superimposed  on  the  Lower  Greensand.  At  the 
same  time,  the  Lower  and  Upper  Cretaceous  groups  form  a 
closely-connected  and  inseparable  series,  as  shown  by  a  com- 
parison of  their  fossils  with  those  of  the  underlying  Jurassic 
Rocks  and  the  overlying  Tertiary  beds.  Thus,  in  Britain  no 
marine  fossil  is  known  to  be  common  to  the  marine  beds  of 
the  Upper  Oolites  and  the  Lower  Greensand ;  and  of  more 
tl)^n  500  species  of  fossils  in  the  Upper  Cretaceous  Rocks, 
almost  every  one  died  out  before  the  formation  of  the  lowest 
Tertiary  strata,  the  only  survivors  being  one  Brachiopod  and  a 
few  Foratninifera, 

III.  The  lowest  member  of  the  Upper  Cretaceous  series  is 
a  stiflF,  dark-grey,  blue,  or  brown  clay,  often  worked  for  brick- 
making,  and  known  as  the  Gault ^  from  a  provincial  English 
term.  It  occurs  chiefly  in  the  south-east  of  England,  but  can 
be  traced  through  France  to  the  flanks  of  the  Alps  and  Ba- 
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varia.     It  never  exceeds  loo  feet  in  thickness ;  but  it  con- 
tains many  fossils,  usually  in  a  state  of  beautiful  preservation. 

IV.  The  Gault  is  succeeded  upward  by  the  Upper  Green- 
sand^  which  varies  in  thickness  from  three  up  to  loo  feet,  and 
which  derives  its  name  from  the  occasional  occurrence  in  it  of 
green  sands.  These,  however,  are  local  and  sometimes  want- 
ing, and  the  name  "  Upper  Greensand  "  is  to  be  regarded  as  a 
nanu  and  not  a  description.  The  group  consists,  in  Britain, 
of  sands  and  clays,  sometimes  with  bands  of  calcareous  grit  or 
siliceous  limestone,  and  occasionally  containing  concretions  of 
phosphate  of  lime,  which  are  largely  worked  for  agricultural 
purposes. 

V.  The  top  of  the  Upper  Greensand  becomes  argillaceous, 
and  passes  up  gradually  into  the  base  of  the  great  formation 
known  as  the  true  Chalky  divided  into  the  three  subdivisions 
of  the  chalk-marl,  white  chalk  without  flints,  and  white  chalk 
with  flints.  The  first  of  these  is  simply  argillaceous  chalk, 
and  passes  up  into  a  great  mass  of  obscurely-stratified  white 
chalk  in  which  there  are  no  flints.  This,  in  turn,  passes  up 
into  a  great  mass  of  white  chalk,  in  which  the  stratification  is 
marked  by  nodules  of  black  flint  arranged  in  layers.  The 
thickness  of  these  three  subdivisions  taken  together  is  some- 
times over  I  GOO  feet,  and  their  geographical  extent  is  very 
great  White  Chalk,  with  its  characteristic  appearance,  may 
be  traced  from  the  north  of  Ireland  to  the  Crimea,  a  distance 
of  about  1 1 40  geographical  miles,  and,  in  an  opposite  direc- 
tion, from  the  south  of  Sweden  to  Bordeaux,  a  distance  of 
about  840  geographical  miles. 

VI.  In  Britain  there  occur  no  beds  containing  Chalk  fossils, 
or  in  any  way  referable  to  the  Cretaceous  period,  above  the 
true  White  Chalk  with  flints.  On  the  banks  of  the  Maes, 
however,  near  Maestricht,  in  Holland,  there  occurs  a  series  of 
yellowish  limestones,  of  about  100  feet  in  thickness,  and  un- 
doubtedly superior  to  the  White  Chalk.  These  Maestricht 
beds  contain  a  remarkable  series  of  fossils,  the  characters  of 
which  are  partly  Cretaceous  and  partly  Tertiary.  Thus,  with 
the  characteristic  Chalk  fossils,  Beiemnites,  BaculiteSy  Sea-Ur- 
chins, &c.,  are  numerous  Univalve  Molluscs,  such  as  Cowries 
and  Volutes,  which  are  otherwise  exclusively  Tertiary  or  Re- 
cent 

Holding  a  similar  position  to  the  Maestricht  beds,  and 
showing  a  similar  intermixture  of  Cretaceous  forms  with  later 
types,  are  certain  beds  which  occur  in  the  island  of  Seeland, 
in  Denmark,  and  which  are  known  as  the  Faxoe  Limestone, 

VII.  In  North  America,  the  Lower  Cretaceous  Rocks  are 
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not  represented  at  all,  or  very  feebly;  but  there  is  a  very 
extensive  development  of  rocks  of  Upper  Cretaceous  age  in 
the  United  States.  According  to  Dana,  "the  Cretaceous 
Eocks  occur — i.  At  intervals  along  the  Atlantic  border,  south 
of  New  York,  from  New  Jersey  to  South  Carolina ;  2.  Exten- 
sively over  the  States  along  the  Gulf  border ;  and  3.  Through 
a  large  part  of  the  Western  interior  region,  over  the  slopes  of 
the  Rocky  Mountains,  from  Texas  northward,  to  the  head- 
waters of  the  Missouri  on  the  east  of  the  summit  of  the  chain, 
and  far  into  the  Colorado  region  on  the  west.  Still  farther 
north-west  in  British  America,  they  appear  on  the  Saskat- 
chewan and  Assiniboine,  and  also  on  the  Arctic  Sea,  near  the 
mouth  of  the  Mackenzie."  The  rocks  of  these  areas  consist 
chiefly  of  sands,  marls,  clays,  and  limestones ;  but  it  is  to  be 
remembered  that  there  is  no  white  Chalk,  Green  sands  are 
often  present,  as  in  New  Jersey,  where  they  are  called  "  marls," 
and  are  largely  worked  for  agricultural  purposes,  their  fertilis- 
ing properties  being  due  to  the  presence  of  a  small  percentage 
of  phosphate  of  lime. 

Life  of  the  Cretaceous  Period. — As  regards  the  vegeta- 
tion of  the  Cretaceous  period,  the  plants  of  the  Inferior  divi- 
sion of  the  series  agree  with  those  of  the  antecedent  Jurassic 
period  in  consisting  chiefly  of  Ferns,  Cycads,  and  Conifers. 
In  the  Upper  Cretaceous  Rocks,  on  the  other  hand,  we  find  a 
vegetation  composed  largely  of  Angiospermous  Exogens,  many 
of  which  belong  to  existing  genera. 

The  Protozoa  are  very  largely  represented  in  the  Cretaceous 
period  by  Foraminifera  and  Sponges.  The  microscopic  shells 
of  the  former  are  often  excessively  abundant ;  and  the  white 
chalk  is  to  a  large  extent  composed  of  the  exuvia  of  these 
minute  organisms.  Amongst  the  more  important  genera  may 
be  mentioned  Textularia,  Globigerina,  Rotalia,  Liiuola,  Nodo- 
saria,  Flabellina,  Cuneolina,  Cristellaria,  Bulimina,  Dentalina, 
&C.  Sponges  are  very  numerous,  especially  in  the  Upper 
Greensand  and  White  Chalk.  The  most  important  genera  are 
Siphonia,  Ventriculites,  Manon,  Choanites,  Cliona,  Scyphia, 
Chenendopora,  Guettardia,  and  Polypothecia ;  but  many  other 
forms  might  be  mentioned. 

The  Coelenterates  are  represented  by  Corals,  belonging 
mainly  to  the  genera  Trochocyathus,  Cydocyathus,  Trochosmilia, 
Parasmilia,  Cyathina,  Micrabcuia,  StephanophyUia,  &c.  In  the 
Upper  Greensand,  also,  occurs  the  little  Holocystis  cleans,  long 
believed  to  be  the  last  of  the  Rugose  Corals. 

The  Echinoderms  are  exceedingly  abundant  in  the  Creta- 
ceous rocks,  but  belong  mainly  to  the  Echinoids.    Crinoids, 
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though  not  altogether  rare,  are  very  perceptibly  reduced  in 
numbers,  the  more  important  forms  being  MarsupiUs,  Fenia- 
crinus,  Baurgueticrinus^  and  Comatula.  Sea-urchins,  on  the 
other  hand,  are  so  numerous  as  to  constitute  one  of  the  most 
marked  features  in  the  Cretaceous  fauna.  The  leading  genera 
are  Micraster^  AnanchyteSy  Galerites,  Hemipneustes^  Diadema^ 
Discoideay  Salmiay  CidariSy  CatopyguSy  Fygaster^  Pygaulus^ 
HolasteTy  &c. 

The  Arthropods  are  represented  by  various  Crustaceans  be- 
longing mainly  to  the  Macrurous  and  Brach3rurous  Decapods, 
and  to  the  Cirripedes.  The  little  Ostracodes  are  also  abun- 
dant in  many  parts  of  the  series,  especially  in  the  fresh-water 
strata  of  the  Wealden. 

Coming  to  the  Mollusca^  the  Polyzoa  have  a  great  develop- 
ment in  the  Cretaceous  deposits,  the  family  of  the  Escharida 
here  attaining  its  maximum.  Amongst  the  more  characteristic 
Cretaceous  genera  may  be  mentioned  Eschara^  Escharina^ 
Vincuiaria,  Membranipora,  Flustra^  Rdiculiparay  Homera^ 
Tubuliporay  &c. 

Brachiopods  are  not  especially  numerous,  and  belong  mainly 
to  Terebratulay  Terebratdlay  Terebraiulinay  Rhynchofullay  and 
Crania,  Bivalves  are  very  abundant,  and  some  of  them  are 
very  characteristic.  Amongst  these  are  mjimerous  species  of 
Ostreay  Exogyra^  Limay  Plicattday  Pedaiy  and  SpondyluSy  with 
the  various  species  of  InoceramuSy  and  the  great  family  of  the 
HippuritidcR.  With  the  exception  of  a  few  Jurassic  species, 
the  genus  Inoceramus  is  exclusively  Cretaceous,  being  repre- 
sented in  deposits  of  this  period  by  numerous  species,  and  not 
being  known  to  have  survived  it  The  HippuritidcSy  or  Rudis- 
tes  of  Lamarck,  comprise  a  great  number  of  very  aberrant 
Bivalves,  all  of  which  were  attached  and  lived  associated  in 
beds,  like  Oysters.  The  two  valves  of  the  shell  are  always 
unlike  in  sculpturing,  in  appearance,  and  in  shape,  and  the  cast 
of  the  interior  is  often  very  unlike  the  form  of  the  outer  surface 
of  the  shell.  A  great  many  species  of  this  family  are  known, 
chiefly  referable  to  the  genera  HippurUeSy  RadioliteSy  and  Co- 
prina.  The  family  appears  to  be  exclusively  Cretaceous ;  and 
the  most  characteristic  members  of  the  Cretaceous  series  of  the 
south  of  Europe  consists  of  certain  compact  marbles,  which 
are  known  as  "  Hippurite  Limestone,"  from  the  abundance  of 
shells  of  this  family. 

Gasteropods  are  not  particularly  numerous  in  the  Cretace- 
ous Rocks,  and  belong  chiefly  to  such  modern  genera  as  Turri- 
tdlay  NatUay  Soiariunty  ScalariayRostellariay  DentaliumyPhoruSy 
&:c.    Along  with  these  are  species  of  the  persistent  genus  PUu- 
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rotomaria^  and  the  Mesozoic  NeriruEa.  Towards  the  close  of  the 
Cretaceous  period,  we  meet  for  the  first  time  with  Gasteropods 
of  the  existing  genera  Voltita^  Miira^  Cypma^  Fasciolaria^ 
Strombtis,  &c. 

The  most  characteristic  Molluscs  of  the  Cretaceous  period 
are  Cephalopods.  The  Dibranchiate  section  of  this  order  is 
represented  by  species  of  BelemnUes  itself  and  by  the  genus 
Belemnitdla,  Of  the  Tetrabranchiates  we  find  species  of  the 
old  genus  Nautilus ;  but  this  section  is  represented  mainly  by 
complex  and  beautiful  forms  of  the  Ammonitida,  The  genus 
Ammonites  itself,  dating  its  existence  from  the  Upper  Trias,  is 
represented  by  many  Cretaceous  species,  and  finally  disappears 
with  the  close  of  this  period.  Ancyloceras  dates  from  the 
commencement  of  the  Jurassic  period,  and  also  dies  out  in  the 
Chalk.  Finally,  the  Ammonitida  are  represented  by  the  genera 
Baculites^  Turrilites^  Scaphites^  Hamites^  Ptychoceras^  Toxoceras^ 
and  Crioceras^  which  make  their  first  appearance  in  the  Creta- 
ceous rocks,  but  which  are  not  known  at  present  to  occur  in 
any  later  deposit 

Remains  of  Fishes  are  by  no  means  rare  in  the  Cretaceous 
rocks.  Teleostean  Fishes  appear  here,  and  are  well  represented 
by  forms  more  or  less  allied  to  existing  types  {Beryx,  Osmero- 
idesy  &c.)  Ganoids  (such  as  Lepidotus,  Caturus^  PycnoduSy  &c.) 
are  plentiful ;  but  are  of  little  special  importance.  Of  the 
Cestracionts,  we  have  the  old  genus  Acrodus,  and  the  Creta- 
ceous genus  Ftychodus.  Hybodonts  also  occur,  and  teeth  of 
true  Selachians  (Lamna,  CarchariaSy  Odofiiaspis,  &c.)  are  not 
wanting. 

The  Reptiles  of  the  Cretaceous  belong  mostly  to  the  orders 
of  the  Pterosauria^  Ichthyopterygia^  Saurcpterygia^  and  Deina- 
sauria — all  of  which  die  out  with  the  Cretaceous  period.  The 
best  known  of  the  Deinosaurs  is  Iguanodon^  which  is  confined 
exclusively  to  the  Lower  Cretaceous  period,  but  the  genera 
Ichthyosaurus y  Fiesiosaurus,  and  Pterodactylus^  extend  their 
range  into  the  Upper  Cretaceous.  The  only  exclusively  Cre- 
taceous group  of  Reptiles  is  that  of  the  Mosasauroids^  which 
are  known  to  have  existed  up  to  the  last  phase  of  this  period 
(Maestricht  beds).  The  Mosasauroids  are  found  in  Europe, 
but  more  abundantiy  in  North  America ;  and  the  recent  dis- 
covery by  Professor  Marsh,  that  the  body  was,  in  some  cases, 
furnished  with  a  covering  of  bony  scutes,  would  seem  to  re- 
move them  from  the  Lizards,  amongst  which  they  have  been 
generally  placed. 

Birds  have  not  been  shown  with  certainty  to  have  existed 
during  the  Cretaceous  period  in  Europe,  though  various  re- 

2  M 
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mains  of  this  age  have  been  with  more  or  less  probability  re- 
garded as  being  Ornithic.  The  Upper  Cretaceous  rocks  of 
the  United  States  have,  however,  yielded  the  remains  of  un- 
doubted birds  {Laornis^  Telmatomis^  Scolopax^  and  Pctlaoiringa), 
More  remarkable  than  any  of  the  above  are  the  recently-dis- 
covered Hesperomis  and  Ichthyamis^  of  which  the  former  is  a 
large  Diver-like  bird,  whilst  the  latter  exhibits  the' singular 
peculiarity  that  the  vertebrae  are  biconcave.  Mammals  have 
not  hitherto  been  detected  in  any  Cretaceous  deposit 


CHAPTER  LIV. 

EOCENE    PERIOD, 

Before  commencing  the  study  of  the  subdivisions  of  tlie 
Kainozoic  series,  there  are  some  general  considerations  to  be 
noted.  In  the  first  place,  there  is  a  complete  and  entire  phy- 
sical break  between  the  rocks  of  the  Mesozoic  and  Kainozoic 
periods.  In  no  instance  are  Tertiary  strata  to  be  found  rest- 
ing conformably  upon  any  Secondary  rock.  The  Chalk  has 
invariably  suffered  much  erosion  and  denudation  before  the 
lowest  Tertiary  strata  were  deposited  upon  it  This  is  shown 
by  the  fact  that  the  actually  eroded  surface  of  the  Chalk  can 
often  be  seen,  or,  failing  this,  that  we  can  point  to  the  presence 
of  the  chalk-flints  in  the  Tertiary  strata.  This  last,  of  course, 
affords  unquestionable  proof  that  the  Chalk  must  have  been 
subjected  to  enormous  denudation  prior  to  the  formation  of 
the  Tertiary  beds,  all  the  chalk  itself  having  been  removed, 
and  nothing  left  but  the  flints,  while  these  are  all  rolled  and 
rounded. 

In  the  second  place,  there  is  a  complete  break  in  the  life 
of  the  Mesozoic  and  Kainozoic  periods.  With  the  excep- 
tion of  a  few  Foraminifera,  and  one  Brachiopod  (the  latter 
doubtful),  no  Cretaceous  species  is  known  to  have  survived  the 
Cretaceous  period ;  while  several  characteristic  families^  such 
as  the  Atnnionitida  and  HippuritidiB,  died  out  entirely  with  the 
dose  of  the  Cretaceous  rocks.  In  the  Tertiary  rocks,  on  the 
other  hand,  not  only  are  all  the  animals  and  plants  more  or 
less  like  existing  types,  but  we  meet  with  a  constantly-increas- 
ing number  of  living  species  as  we  pass  from  the  bottom  of  the 
Kainozoic  series  to  the  top.     Upon  this  last  fact  is  founded 
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the  modem  classification  of  the  Kainozoic  rocks^  propounded 
by  Sir  Charles  Lyell. 

It  follows  from  the  constant  want  of  confoimity  between 
the  Cretaceous  and  Tertiary  rocks,  and  still  more  from  the 
entire  difference  in  life,  that  the  Cretaceous  and  Tertiary 
periods  are  separated  by  an  enormous  lapse  of  unrepresented 
time.  How  long  this  interval  may  have  been,  we  have  no 
means  of  judging  exactly,  but  it  very  possibly  was  as  long  as 
the  whole  Kainozoic  epoch  itself.  Some  day  we  shall  doubt- 
less find,  at  some  part  of  the  earth's  surface,  strata  which  were 
deposited  during  this  period,  and  which  will  contain  fossils 
intermediate  in  character  between  the  organic  remains  which 
respectively  characterise  the  Secondary  and  Tertiary  periods. 
At  present,  we  have  only  slight  traces  of  such  deposits,  as,  for 
instance,  the  Maestricht  beds. 

Classification  of  the  Tertiary  Rocks. — ^The  classifica- 
tion of  the  Tertiary  rocks  is  a  matter  of  unusual  difficulty,  in 
consequence  of  their  occurring  in  disconnected  basins,  form- 
ing a  series  of  detached  areas,  which  hold  no  relations  of 
superposition  to  one  another.  The  order,  therefore,  of  the 
Tertiaries  in  point  of  time,  can  only  be  determined  by  an 
appeal  to  fossils ;  and  in  such  determination  Sir  Charles  Lyell 
proposed  to  take  as  the  basis  of  classification  the  proportion  of 
living  or  existing  species  of  Mollusca  which  occurs  in  each  stratum 
or  group  of  strata.  Acting  upon  this  principle,  Sir  Charles 
Lyell  divides  the  Tertiary  series  into  four  groups : — 

I.  The  Eocene  formation  (Gr.  eos,  dawn ;  hainos,  new),  con- 
taining the  smallest  proportion  of  existing  species,  and  being, 
therefore,  the  oldest  division.  In  this  classification  only  the 
MoUusca  are  taken  into  account;  and  it  was  found  that  of 
these  about  three  and  a  half  per  cent  were  identical  with 
existing  species. 

II.  The  Miocene  formation  (Gr.  meion^  less ;  kainos^  new), 
with  more  recent  species  than  the  Eocene,  but  less  than  the 
succeeding  formation,  and  less  than  one-half  the  total  number 
in  the  formation.  As  before,  only  the  Mollusca  are  taken  into 
account,  and  about  17  per  cent  of  these  agree  with  existing 
species. 

III.  The  Pliocene  formation  (Gr.  pleian^  more ;  kainos^  new), 
with  more  than  half  the  species  of  shells  identical  with  existing 
species ;  the  proportion  of  these  varying  fix)m  35  to  50  per 
cent  in  the  lower  beds  of  this  division,  up  to  90  or  95  per  cent 
in  its  higher  portion. 

IV.  The  Post-Tertiary  Formations^  in  which  all  the  shells 
belong  to  existing  species.    This,  in  turn,  is  divided  into  two 
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minor  groups — the  Post-Pliocene  and  RecetU  Formations,  In 
the  Post-Pliocene  formations,  while  all  the  Mollusca  belong  to 
existing  species,  most  of  the  Mammals  belong  to  extinct 
species.  In  the  Recent  period,  the  quadrupeds,  as  well  as  the 
shells,  belong  to  living  species. 

The  above,  with  some  modifications,  was  the  original  classi- 
fication proposed  by  Sir  Charles  Lyell  for  the  Tertiary  rocks, 
and  now  universally  accepted.  More  recent  researches,  it  is 
true,  have  somewhat  altered  the  proportions  of  existing  species 
to  extinct,  as  stated  above.  The  general  principle,  however, 
of  an  increase  in  the  number  of  living  species,  still  holds  good ; 
and  this  is  as  yet  the  only  satisfactory  basis  upon  which  it  has 
been  proposed  to  arrange  the  Tertiary  deposits. 

Eocene  Formation. 

The  Eocene  rocks  are  the  lowest  of  the  Tertiary  series,  and 
comprise  all  those  Tertiary  deposits  in  which  there  is  only  a 
small  proportion  of  existing  Mollusca — from  three  and  a  half 
to  five  per  cent.  The  Eocene  rocks  occur  in  several  basins  in 
Britain,  France,  the  Netherlands,  and  other  parts  of  Europe, 
and  in  the  United  States.  The  subdivisions  which  have  been 
established  are  extremely  numerous,  and  it  is  often  impossible 
to  parallel  those  of  one  basin  with  those  of  another.  It  will 
be  sufficient,  therefore,  to  accept  the  division  of  the  Eocene 
formation  into  three  great  groups — Lower,  Middle,  and  Upper 
Eocene — and  to  consider  some  of  the  more  important  beds 
comprised  under  these  heads  in  Europe  and  in  North  America. 

I.  Lower  Eocene.  —  The  base  of  the  Eocene  series  in 
Britain  is  constituted  by  about  90  feet  of  light-coloured,  some- 
times argillaceous  sands  (Thanet  Sands),  which  are  of  marine 
origin.  Above  these,  or  forming  the  base  of  the  formation 
where  these  are  wanting,  come  mottled  clays  and  sands  with 
lignite  (Woolwich  and  Reading  series),  which  are  estuarine  or 
fluvio-marine  in  origin.  The  highest  member  of  the  Lower 
Eocene  of  Britain  is  the  "  London  Clay,"  consisting  of  a 
great  mass  of  dark-brown  or  blue  clay,  sometimes  with  sandy 
beds,  or  with  layers  of  "  septaria,"  the  whole  attaining  a  thick- 
ness of  from  200  to  as  much  as  500  feet  The  London  Clay 
is  a  purely  marine  deposit,  containing  many  marine  fossils, 
with  the  remains  of  terrestrial  animals  and  plants ;  all  of  which 
indicate  a  high  temperature  of  the  sea  and  tropical  or  sub- 
tropical conditions  of  the  land. 

II.  Middle  Eocene. — The  inferior  portion  of  the  Middle 
Eocene  of  Britain  consists  of  marine  beds,  chiefly  consisting 
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of  sands,  clays,  and  gravels,  and  attaining  a  very  considerable 
thickness  (Bagshot  and  Brackleshara  beds).  The  superior 
portion  of  the  Middle  Eocene  of  Britain,  on  the  other  hand, 
consists  of  deposits  which  are  almost  exclusively  fresh-water 
or  brackish-water  in  origin  (Headon  and  Osborne  series). 

The  chief  Continental  formations  of  Middle  Eocene  age  are 
the  "Calcaire  grossier"  of  the  Paris  basin,  and  the  "Num- 
mulitic  Limestone  "  of  the  Alps. 

III.  Upper  Eocene.— If  the  Headon  and  Osborne  beds  of 
the  Isle  of  Wight  be  placed  in  the  Middle  Eocene,  the  only 
British  representatives  of  the  Upper  Eocene  are  the  Bern- 
bridge  and  Hempstead  beds — though  the  latter  are  regarded 
by  Sir  Charles  Lyell  as  being  of  Lower  Miocene  age.  These 
strata  consist  of  limestones,  clays,  and  marls,  which  have  for 
the  most  part  been  deposited  in  fresh  or  brackish  water. 

IV.  Eocene  Beds  of  the  Paris  Basin.  —  The  Eocene 
strata  are  very  well  developed  in  the  neighbourhood  of  Paris, 
where  they  occupy  a  large  area  or  basin  scooped  out  of  the 
Chalk.  The  beds  of  this  area  are  partly  marine,  partly  fresh- 
water in  origin ;  and  the  following  table  (after  Sir  Charles 
Lyell)  shows  their  subdivisions  and  their  parallelism  with  the 
English  series : — 

General  Table  of  French  Eocene  Strata. 

upper  eocene. 

FrtMck  Subdivisions,  English  EqutvaUnts. 

A.  I.  Gypseous  series    of   Mont-  I.  Bembridge  series. 

martre. 

A.  2.  Calcaire  silideux,   or   Tra-  2.  Osborne  and  Headon  series, 

vertin  Infi^rieur. 

A.  3.  Gres    de     Beauchamp,    or  3.  White  sand  and  day  of  Barton 

Sables  Moyens.  CliiT,  Hants. 

MIDDLE  EOCENE. 

B.  I.  Calcaire  Grossier.  I.  Bagshot  and  Bradclesham  beds. 

B.  2.  Soissonnais  Sands,   or  Lits        2.  Wanting. 

Coquilliers. 

LOWER  EOCENE. 

C.  I.  Argile  tie  Londres  at  base  of        i.  London  Clay. 

Hill  of  Cassel,  near  Dun- 
kirk. 
C.  2.  Argile  plastique  and  lignite.  2.  Plastic  clay  and  sand  with  lig- 

nite (Woolwich  and  Reading 
series). 
C.  3.  Sables  de  Bracheux.  3.  Thanet  sands. 

V.  Eocene  Strata  of  the  United  States. — In  North 
America,  Lower  Eocene  Rocks  are  extensively  developed  at 
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Claiborne,  Alabama,  and  consist  of  clays,  lignites,  marls,  and 
impure  limestones.  The  fossils  of  the  Claiborne  series  are 
much  the*  same  in  their  characters  as  those  of  the  London 
clay,  and  the  lignites  contain  numerous  plant-remains. 

The  Middle  Eocene  group  is  represented  in  North  America 
by  lignitic  clays  and  marls  which  occur  at  Jackson,  Mississippi. 
Ajnongst  the  more  remarkable  fossils  of  the  Jackson  beds  are 
the  teeth  and  bones  of  Cetaceans  of  the  genus  Zetiglodofu 

Rocks  of  Upper  Eocene  age  occur  in  North  America  at 
Vicksburg,  Mississippi,  and  consist  of  lignites,  clays,  marls, 
and  limestones.  On  the  White  River  they  are  about  looo 
feet  thick,  and  consist  of  clays,  sandstones,  and  limestones,  of 
fresh-water  origin.  Ajnong  their  most  remarkable  fossils  are 
the  remains  of  Mammals,  of  which  about  forty  species  have 
been  already  determined. 

Life  of  the  Eocene  Period. 

Little  need  be  added  here  as  to  the  life  of  the  Eocene 
period,  fossils  being  so  abundant  as  to  render  it  impossible  to 
do  more  than  indicate  some  general  considerations.  Upon 
the  whole,  the  plants  and  animals  of  the  Eocene  period  closely 
resemble  those  now  in  existence  upon  the  globe ;  not,  how- 
ever, necessarily  in  the  exact  localities  in  which  they  are  now 
found.  Thus,  the  modem  representatives  of  the  plants  and 
animals  of  the  Eocene  Rocks  of  Europe  are  not  to  be  found 
in  Europe  itself,  but  in  some  tropical  or  sub-tropical  region. 
The  climatic  conditions  of  Europe  in  the  Eocene  period  were 
very  different  to  those  at  present  subsisting,  and  the  animals 
and  plants  were  correspondingly  different  Still,  there  are 
few  Eocene  fossils  which  have  not  their  modem  representa- 
tives in  warm  countries. 

The  Protozoa  are  represented  in  Eocene  times  chiefly  by 
Foraminifera^  which  are  often  extraordinarily  abundant,  and 
the  shells  of  which  may  in  some  cases  be  said  without  exagge- 
ration to  compose  whole  mountain-masses.  The  great  and 
widespread  formation  of  the  Nummulitic  Limestone  is  largely 
made  up  of  the  shells  of  Nummulites  and  OrbitoideSy  some  of 
the  former  occasionally  reaching  a  size  of  more  than  an  inch 
in  diameter.  One  of  the  limestones  of  the  Paris  basin  is 
largely  composed  of  the  shells  of  a  species  of  Milioia.  Nume- 
rous other  forms  occur ;  and  the  genus  Nummulites  is  exclu- 
sively confined  to  this  formation. 

Corals  are  not  particularly  abundant  in  the  Eocene  rocks, 
but  they  are  mostly  of  types  identical  with,  or  nearly  allied  to. 
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those  now  existing.  The  Tabuiata  are  represented  by  no 
more  than  one  genus,  and  the  £ocene  forms  belong  mainly  to 
the  Zoantharia^  Aporosa^  and  Perforata.  Besides  Zoantharia^ 
the  family  of  the  Fennatulida  (Sea-pens,  &c.)  is  represented 
by  the  genus  Graphulariay  and  the  family  of  the  Garganida 
(sea-shrubs),  by  the  genera  Mopsea  and  Webstericu 

As  regards  the  MoUusca,  Brachiopods  and  Polyzoa  are  not 
abundant,  and  the  former  are  represented  in  Eocene  times 
chiefly  by  the  existing  genera  Terebrahda  and  Rhynchandla. 
Lamellibranchs  and  Gasteropods,  the  latter  especially,  are 
exceedingly  abundant,  and  almost  all  existing  genera  are  now 
represented;  though  less  than  five  per  cent  are  identical  with 
existing  species.  The  Gasteropods  are  chiefly  siphonostoma- 
tous,  and  belong  to  such  familiar  genera  as  Valuta^  Miira, 
Conus,  Fleurotoma,  Fusus^  Cyprceay  Oliva^  Andllaria^  Fostel- 
laria^  Sic  The  fresh-water  and  brackish-water  beds  of  the 
formation  have  also  yielded  numerous  species  of  Cerithtum, 
along  with  Limnaa,  Flanorbis^  Melania^  &c.  The  Ammonites^ 
TurrilUes^  Baculites^  BelemniteSy  &c,  of  the  Cretaceous  period 
have  now  disappeared,  and  the  Cephalopoda  are  represented 
mainly  by  the  genus  Nautilus^  though  Dibranchiates  (such  as 
Belosipia)  are  not  unknown. 

The  most  important  fossils  of  the  Eocene  Rocks  belong  to 
the  sub-kingdom  of  the  Vertehrata.  Fishes  are  numerous, 
sometimes  (as  in  the  limestone  of  Monte  Bolca)  extraordinarily 
so.  They  belong  in  the  vast  majority  of  instances  to  the 
Teleosteiy  the  remains  of  Ganoid  fishes  being  comparatively 
very  rare.  True  Sharks  are  represented  by  numerous  teeth, 
referable  to  the  genera  Carcharodon,  Otodus^  Lamnay  Galeo- 
cerdo^  &c  ;  and  Rays  are  represented  by  their  pavement-like 
dental  plates  (Myliobatis). 

The  Reptiles  of  the  Eocene  period  all  belong  to  the  existing 
orders  of  the  Chelonians,  Ophidians,  Lacertilians,  and  Croco- 
dilians.  The  Chelonians  are  very  abundant,  and  belong  for 
the  most  part  to  existing  genera.  The  Ophidians  make  their 
first  appearance  in  the  E^ene  (Falceophis),  The  Crocodilians, 
lastly,  are  very  abundant,  speaking  comparatively ;  and  Eng- 
land possessed  in  Eocene  times  representatives  of  the  three 
existing  genera  of  this  order — viz.,  CrocodUus^  Alligator^  and 
Gavialis. 

As  regards  the  Birds,  it  is  sufficient  to  say  that  all  the  exist- 
ing orders  of  Aves  appear  to  have  been  represented  in  Eocene 
times,  often  by  forms  in^ich  differ  little  from  existing  types. 

As  regards  the  Mammals,  the  Eocene  deposits  have  yielded 
remains  of  Marsupialia^  Sirenia^  Cetacea^  Ungidaia^  Camivora^ 
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Chdroptera^  Rodmtia,  and  Insedivora,  No  traces,  however,  have 
hitherto  been  found  in  the  Eocene  of  the  orders  Proboscidea 
and  Edentata^  and  the  Quadrumana  are  represented  only  by 
two  doubtful  forms.  The  Marsupials  are  represented  in 
the  Eocene  by  Diddphys^  the  Sirmia  by  Halitheriutn^  and 
the  Cetaceans  by  the  singular  and  aberrant  family  of  the  Zeu- 
glodonts.  The  Ungulates  are  represented  by  a  great  series  of 
forms,  of  which  the  most  important  are  the  two  extinct  groups 
of  the  Paiaot/ierida  and  Anoplotherida^  the  former  representing 
the  Perissodactyles,  the  latter  the  Artiodactyles.  Besides  these, 
however,  there  occur  numerous  other  extinct  forms,  chiefly 
referable  to  the  genera  Caryphodon,  Lophiodon,  Chctropotamus^ 
AnthracotJieriuniy  Hyopotamus^  PliolophuSy  Dkhodon^  Dichobune^ 
Xiphodon,  &c. 

The  Camivora  are  represented  by  the  extinct  Hyanodan^ 
the  Cheiroptera  by  species  of  the  existing  genus  VespertiliOy  the 
Rodentia  by  Shiew-mice  {Myoxus)y  and  the  Insectwora  by 
Spalacodon, 


CHAPTER    LV. 

MIOCENE   PERIOD. 

Rocks  of  the  Period. 

The  Miocene  formations  comprise  those  Tertiary  deposits 
which  contain  less  than  about  35  per  cent  of  existing  species 
of  Mollusca^  and  more  than  5  per  cent,  or  those  deposits  in 
which  the  proportion  of  living  shells  is  less  than  of  extinct 
species.  The  Miocene  formations  are  divisible  in  Europe  into 
a  Lower  Miocene  and  Upper  Miocene  group. 

I.  Lower  Miocene. — ^The  Miocene  formations  are  very 
poorly  represented  in  Britain,  their  leading  development  being 
at  Bovey  Tracy,  in  Devonshire,  where  there  occur  sands,  clays, 
and  beds  of  lignite  or  woody  coal.  These  strata  contain  nume- 
rous plants,  among  which  are  Vines,  Figs,  the  Cinnamon-tree, 
Palms,  and  a  number  of  Coniferce,  Other  plant-bearing  strata 
in  the  Hebrides,  on  the  west  coast  of  Scotland,  have  been 
referred  to  the  Miocene  age. 

In  France,  the  Lower  Miocene  is  represented  in  Auvergne, 
Cantal,  and  Velay,  by  a  great  thickness  of  nearly  horizontal 
strata  of  sand,  sandstone,  clays,  marls,'  and  limestones,  all  of 
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fresh-water  origin.     Other  Miocene  deposits  occur  in  Austria, 
Germany,  Switzerland,  and  the  Siwalik  hills  in  India. 

II.  Upper  Miocene. — ^The  typical  European  deposits  of 
Upper  Miocene  age  occur  in  the  valley  of  the  Loire,  in  France, 
and  are  known  as  the  "  Faluns,"  a  provincial  term  given  to 
shelly  sands  employed  to  spread  upon  soils  which  are  deficient 
in  lime.  The  Faluns  occur  in  scattered  patches,  which  are 
rarely  more  than  50  feet  in  thickness,  and  consist  of  sands 
and  marls.  The  fossils  are  chiefly  marine,  but  there  occur 
also  land  and  fresh-water  shells,  and  the  remains  of  numerous 
Mammals. 

In  Switzerland,  between  the  Alps  and  the  Jura,  there  occurs 
a  great  series  of  Miocene  deposits,  known  collectively  as  the 
**  Molasse,"  from  the  soft  nature  of  a  greenish  sandstone, 
which  constitutes  one  of  its  chief  members.  It  attains  a  thick- 
ness of  many  thousands  of  feet,  and  rises  into  lofty  mountains, 
some  of  which — ^as  the  Rigi — are  more  than  6000  feet  in 
height.  The  middle  portion  of  the  Molasse  is  of  marine 
origin,  and  is  shown  by  its  fossils  to  be  of  the  age  of  the 
Faluns ;  but  the  lower  and  upper  portions  of  the  formation 
are  mainly  or  entirely  of  fresh-water  origin.  The  Lower 
Molasse  (of  Lower  Miocene  age)  has  yielded  about  500  species 
of  plants,  mostly  of  tropical  or  sub-tropical  forms.  The  Upper 
Molasse  has  yielded  about  the  same  number  of  plants,  with 
about  900  species  of  Insects,  such  as  wood-eating  Beetles, 
Water-beetles,  White  Ants,  Dragon-flies,  &c. 

Miocene  of  North  America. — Miocene  deposits  are 
found  in  the  United  States  in  New  Jersey,  Maryland,  Virginia, 
California,  Oregon,  &c.,  and  they  attain  sometimes  a  thickness 
of  1500  feet.  They  consist  chiefly  of  clays,  sands,  and  sand- 
stones; and  in  Virginia  there  is  a  bed  of  what  is  wrongly 
called  **  Infusorial  Earth,''  which  attains  a  thickness  of  many 
feet,  and  consists  almost  wholly  of  the  siliceous  cases  of  cer- 
tain low  forms  of  plants  (Diatoms).  The  strata  of  the  White 
River,  with  remains  of  numerous  Mammals,  formerly  spoken 
of  as  Upper  Eocene,  are  sometimes  referred  to  the  Miocene 
formation.  The  fossils  of  the  American  Miocene  are  chiefly 
Molluscs  (of  which  15  to  30  per  cent  are  living  species). 

Life  of  the  Miocene  Period. — The  vegetation  of  the 
Miocene  period  has  been  already  spoken  of,  and  need  not  be 
again  discussed  here.  The  Invertebrates  of  the  Miocene  also 
need  no  special  mention,  since  they  are  very  similar  in  type  to 
those  now  in  existence,  though  mostly  specifically  distinct. 
The  Fishes,  Reptiles,  and  Birds  of  the  Miocene  likewise  call 
for  no  special  comment    The  Miocene  Mammals,  on  the 
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Other  hand,  belong  in  great  part  to  extinct  types,  and  are 
sufficiently  remarkable  in  their  characters  to  demand  some 
notice.  In  addition  to  the  orders  known  to  be  represented  in 
the  Eocene  Tertiary,  we  meet  now  with  remains  referable  to 
the  Edeniatay  Proboscidean  and  Quadrumana;  whilst  some 
existing  groups  of  the  older  orders  are  now  represented  iot  the 
first  time. 

The  Edentates  are  represented  by  the  gigantic  Macrotheriutn^ 
which  appears  to  have  been  nearly  allied  to  the  Scaly  Ant- 
eaters  or  Pangolins,  and  by  the  still  more  gigantic  Ancylotherium, 

Of  the  Sirenia  we  have  the  genus  Halitherium^  and  of  the 
true  Cetacea  we  have  the  remains  of  Squalodonts  and' Dolphins. 

Of  the  Ungulates  the  RlUnoceridce  are  represented  in  Miocene 
times  by  Acerotherium,  the  Equida  by  Anchitherium  and  Hip- 
parion^  the  Hippopotamida  by  species  of  Hippopotamus  itself^ 
the  Suida  by  species  of  Sus^  the  Moschidce  by  Dremotherium^ 
the  Cervida  by  Dorcatheriuniy  the  Cameiopardalida  by  HeUada- 
therium,  and  the  Cavicomia  by  the  extraordinary  Sivatherium 
and  Bramatherium,  The  Bovida  do  not  appear  as  yet  to 
have  come  into  existence. 

The  Proboscidea  are  represented  in  the  Miocene  period  by 
all  the  known  sections  of  the  order — namely,  by  Elephants, 
Mastodons,  and  the  Deinotherium, 

Of  the  Camivora  we  have  Miocene  representatives  of  the 
Felida  {Machairodus\  the  Canidce^  HycenidHy  Vtverrida^  and 
Mustelida,  The  Insectivora  are  represented  by  species  of 
Erinaceus  and  Taipa^  and  the  Rodents  by  species  of  Castor, 
MuSy  LepuSy  &c.  Lastly,  the  Quadrumana  are  represented  by 
the  two  extinct  genera  Bliopithecus  and  DrycpithMis, 


CHAPTER    LVI. 

PLIOCENE  AND  POST-PLIOCENE  PERIODS, 

Rocks  of  the  Pliocene  Period. 

The  Pliocene  formations  contain  from  40  to  95  per  cent  of 
existing  species  of  Mollusca,  the  remainder  belonging  to  extinct 
species.  They  are  divided  by  Sir  Charles  Lyell  into  two 
divisions,  the  Older  Pliocene  and  Newer  Pliocene. 

The  Pliocene  deposits  of  Britain  occur  in  Suffolk,  and  are 
known  by  the  name  of  ''  Crags,"  this  being  a  local  term  used 
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for  certain  shelly  sands,  which  are  employed  in  agriculture. 
Two  of  these  Crags  are  referable  to  the  Older  Pliocene — ^viz., 
the  White  and  Red  Crags, — and  one  belongs  to  the  Newer 
Pliocene,  viz.,  the  Norwich  Crag. 

The  White  or  Coralline  Crag  of  Sufifolk  is  the  oldest  of  the 
Pliocene  deposits  of  Britain,  and  is  an  exceedingly  local  for- 
mation, occurring  in  but  a  single  small  area,  and  having  a 
maximum  thickness  of  not  more  than  50  feet  It  consists  of 
soft  sands,  with  occasional  intercalations  of  flaggy  limestone. 
Though  of  small  extent  and  thickness,  the  Coralline  Crag  is  of 
importance  from  the  number  of  fossils  which  it  contains.  The 
name  "  Coralline "  is  a  misnomer ;  since  there  are  few  true 
Corals,  and  the  so-called  "Corals"  of  the  formation  are  really 
Polyzoa^  often  of  very  singular  forms.  The  shells  of  the  Coral- 
line Crag  are  mostly  such  as  inhabit  the  seas  of  temperate 
regions ;  but  there  occur  some  forms  usually  looked  upon  as 
indicating  a  warm  climate. 

The  Upper  or  Red  Crag  of  Suffolk— like  the  Corallme  Crag 
— has  a  Umited  geographical  extent  and  a  small  thickness, 
rarely  exceeding  40  feet  It  consists  of  quartzose  sands,  usu- 
ally deep  red  or  brown  in  colour,  and  charged  with  numerous 
fossils. 

Altogether  more  than  200  species  of  shells  are  known  from 
the  Red  Crag,  of  which  60  per  cent  are  referable  to  existing 
species.  The  shells  indicate  upon  the  whole  a  temperate  or 
even  cold  climate,  decidedly  less  warm  than  that  indicated  by 
the  organic  remains  of  the  Coralline  Crag.  It  appears,  there- 
fore, that  a  gradual  refrigeration  was  going  on  during  the 
Pliocene  period,  commencing  in  the  Coralline  Crag,  becoming 
intensified  in  the  Red  Crag,  being  still  more  severe  in  the 
Norwich  Crag,  and  finally  culminating  in  the  Arctic  cold  of  the 
Glacial  period. 

Besides  the  MoUusca,  the  Red  Crag  contains  the  ear-bones 
of  Whales,  the  teeth  of  Sharks  and  Rays,  and  remains  of  the 
Mastodon,  Rhinoceros,  and  Tapir. 

The  Newer  Pliocene  deposits  are  represented  in  Britain  by 
the  Norwich  Crag^  a  local  formation  occurring  near  Norwich. 
It  consists  of  incoherent  sands,  loams,  and  gravels,  resting  in 
detached  patches,  from  2  to  20  feet  in  thickness,  upon  an 
eroded  surface  of  Chalk.  The  Norwich  Crag  contains  a  mix- 
ture of  marine,  land,  and  fresh-water  shells,  with  remains  of 
fishes  and  bones  of  mammals ;  so  that  it  must  have  been  de- 
posited as  a  local  sea-deposit  near  the  mouth  of  an  ancient 
river.  It  contains  altogether  more  than  100  marine  shells,  of 
which  89  per  cent  belong  to  existing  species.     Of  the  Mam- 
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mals,  the  two  most  important  are  an  Elephant  (Elephas  meri- 
dionalis),  and  the  characteristic  Pliocene  Mastodon  {M,  Arver- 
nensis)y  which  is  hitherto  the  only  Mastodon  found  in  Britain. 

The  following  are  the  more  important  Pliocene  deposits 
which  have  been  hitherto  recognised  out  of  Britain : — 

1.  In  the  neighbourhood  of  Antwerp  occur  certain  "  crags," 
which  are  the  equivalent  of  the  White  and  Red  Crag  in  part 
The  lowest  of  these  contains  less  than  50  per  cent,  and  the 
highest  60  per  cent,  of  existing  species  of  shells,  the  remainder 
being  extinct. 

2.  Bordering  the  chain  of  the  Apennines,  in  Italy,  on  both 
sides  are  a  series  of  low  hills  made  up  of  Tertiary  strata,  which 
are  known  as  the  Sub-Apennine  beds.  Part  of  these  is  of 
Miocene  age,  part  is  Older  Pliocene,  and  a  portion  is  Newer 
Pliocene.  The  Older  Pliocene  portion  of  the  Sub-Apennines 
consists  of  blue  or  brown  marls,  which  sometimes  attain  a 
thickness  of  2000  feet 

3.  In  the  valley  of  the  Amo,  above  Florence,  are  both 
Older  and  Newer  Pliocene  strata.  The  former  consist  of  blue 
clays  and  lignites,  with  an  abundance  of  plants.  The'  latter 
consist  of  sands  and  conglomerates,  with  remains  of  large  Car- 
nivorous Mammals,  Mastodon,  Elephant,  Rhinoceros,  Hippo- 
potamus, &c. 

4.  In  Sicily,  Newer  Pliocene  strata  are  probably  more  largely 
developed  than  anjrwhere  else  in  the  world,  rising  sometimes 
to  a  height  of  3000  feet  above  the  sea.  The  series  consists 
of  clays,  marls,  sands,  and  conglomerates,  capped  by  a  com- 
pact limestone,  which  attains  a  thickness  of  from  700  to  800 
feet.  The  fossils  of  these  beds  belong  almost  entirely  to  living 
species,  one  of  the  commonest  being  the  Great  Scallop  of  the 
Mediterranean  (Peden  Jacobaus), 

5.  Occupying  an  extensive  area  round  the  Caspian,  Aral, 
and  Azof  Seas,  are  Pliocene  deposits  known  as  the  "  Aralo- 
Caspian  "  beds.  The  fossils  in  these  beds  are  partly  fresh- 
water, partly  marine,  and  partly  intermediate  in  character,  and 
they  are  in  great  part  identical  with  species  now  inhabiting 
the  Caspian.  The  entire  formation  appears  to  indicate  the 
former  existence  of  a  great  sheet  of  brackish  water,  forming  an 
inland  sea,  like  the  Caspian,  but  as  large  as,  or  larger  than,  the 
Mediterranean. 

6.  In  the  United  States,  strata  of  Pliocene  age  are  found  in 
North  and  South  Carolina.  They  consist  of  sands  and  clays, 
with  numerous  fossils,  chiefly  Molluscs  and  Echinoderms, 
From  40  to  60  per  cent  of  the  fossils  belong  to  existing 
species.     On  the  Loup  Fork  of  the  river  Platte,  in  the  Upper 
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Missouri  region,  are  strata  which  are  also  believed  to  be  refer- 
able to  the  Pliocene  period,  and  probably  to  its  upper  division. 
They  are  from  300  to  400  feet  thick,  and  contain  land-shells, 
with  the  bones  of  numerous  Mammals,  such  as  Camels,  Rhino- 
ceroses, Mastodons,  Elephants,  the  Horse,  Stag,  &c. 

Life  of  the  Pliocene  Period. — As  regards  the  life  of 
the  Pliocene  period,  it  is  sufficient  to  indicate  two  general 
considerations.  In  the  first  place,  we  have  to  notice  that  the 
introduction  upon  the  globe  of  existing  species  of  animals  was 
carried  on  rapidly  during  this  period.  In  the  older  Pliocene 
deposits  the  number  of  shells  of  existing  species  is  only  from 
40  to  60  per  cent ;  but  in  the  Newer  Pliocene  the  proportion 
of  existing  species  rises  to  as  much  as  80  to  95  per  cent  The 
Mammals  still  all  belong  to  extinct  species,  but  modem  types 
gradually  supersede  the  more  antique  forms  of  the  Eocene  and 
Miocene  periods.  In  the  second  place,  there  is  good  evidence 
to  show  that  the  Pliocene  period  was  one  in  which  the  climate 
of  the  northern  hemisphere  gradually  became  colder.  In  the 
Miocene  period,  as  we  have  seen,  Europe  possessed  a  climate 
probably  very  similar  to  that  now  enjoyed  by  the  Southern 
States  of  the  Union,  and  certainly  very  much  warmer  than  its 
present  climate.  In  the  Older  Pliocene,  northern  forms,  on 
the  other  hand,  predominate  among  the  shells,  though  some 
of  the  types  of  warmer  regions  still  survive.  In  the  Newer 
Pliocene,  the  Mollusca  are  almost  exclusively  such  as  inhabit 
the  seas  of  temperate  or  even  cold  regions.  It  might  be 
thought  that  the  occurrence  of  Mammals  such  as  the  Elephant, 
Rhinoceros,  and  Hippopotamus,  would  prove  that  the  climate 
of  Europe  and  the  United  States  must  have  been  a  hot  one 
during  the  later  portion  of  the  Pliocene  period.  We  have, 
however,  reason  to  believe  that  many  of  these  extinct  quadru- 
peds were  more  abundantly  furnished  with  hair,  and  more 
adapted  to  withstand  a  cool  temperature,  than  any  of  their 
living  congeners. 

Amongst  the  Pliocene  Mammals  may  be  mentioned  the 
following,  as  comprising  the  more  important  forms : — 


Mastodon  Arvernensis. 
Elephas  meridionalis, 
EUphas  antiquus, 
Rhifu>cero5  megarhinus. 
Hippopotamus  major. 


Tapirus  Arvernensis. 
Machairodus  cultridens. 
Ursits  Arvernensis, 
Equus  plicidens. 


Post-Pliocene  Period. 

I^ter  than  any  of  the  Tertiary  formations  are  a  series  of  de- 
posits which  are  spoken  of  as  Post-Tertiary  or  Quaternary ^ 
and  which  are  characterised  by  the  fact  that  all  the  contained 
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shells  belong  to  existing  species.  The  Post-TertiaTj  deposits 
are  divided  by  Sir  Charles  Lyell  into  Post-Ptiocau^  in  which 
the  shells  belong  entirely  to  existing  spedes,  but  some  of  the 
Mammals  are  extind;  and  the  Recent^  in  which  the  shdls  and 
the  Mammals  alike  belong  to  existing  spedes. 

The  Recent  deposits  do  not  properly  concern  the  Palaeonto- 
logist, but  the  Zoologist,  since  they  contain  the  remains  of  none 
but  existing  animals.  The  Post-Pliocene  deposits,  on  the 
other  hand,  contain  the  remains  of  various  extinct  Mammals, 
and  therefore  properly  form  part  of  the  domain  of  the  palaeon- 
tologist The  deposits  of  the  Post-Pliocene  period  may  be 
divided  into  those  which  preceded  the  Glacial  period,  those 
which  were  formed  during  the  Glacial  epoch,  and  those  which 
are  Post-Glacial. 

I.  Pre-Glacial  Deposits. — The  chief  pre-gladal  deposit  of 
Britain  is  found  on  the  Norfolk  coast,  reposing  upon  the  Newer 
Pliocene  (Norwich  Crag),  and  consists  of  an  ancient  land-sur- 
face which  is  known  as  the  "  Cromer  Forest-bed." 

This  consists  of  an  ancient  soil,  having  embedded  in  it  the 
stumps  of  many  trees,  still  in  an  erect  position,  with  remains 
of  living  plants,  and  the  bones  of  recent  and  extinct  quadru- 
peds. It  is  overlaid  by  fresh-water  and  marine  beds,  all  the 
shells  of  which  belong  to  existing  species,  and  it  is  finally  sur- 
mounted by  true  "glacial  drift"  While  all  the  shells  and 
plants  of  the  Cromer  Forest-bed  and  its  assodated  strata  belong 
to  existing  species,  the  Mammals  are  partly  living,  partly  ex- 
tinct Thus,  we  find  the  existing  Wolf,  Bison,  Reindeer, 
Beaver,  Walrus,  &c.,  side  by  side  with  three  extinct  Elephants, 
the  Rhinoceros,  and  Hippopotamus,  and  a  gigantic  extinct 
Beaver.  Among  the  Elephants  are  two  Pliocene  species,  viz., 
Eiephas  meridionalis  and  Ekphas  antiquus.  The  third  species 
is  the  Mammoth  {Eiephas  primigmius\  which  has  not  as  yet 
been  detected  in  strata  of  Pliocene  age.  The  following  list  is 
given  by  Mr  Boyd  Dawkins  as  comprising  the  most  important 
Mammals  as  yet  known  in  the  "  Forest'-bed  : " — 


List  of  Pre-Glacial  Mammals. 

Ursus  Arvernensis. 

Ursus  spelcms  {J  Eiruscus\ 

Sarex, 

Afygale  moschata, 

Talpa  Europcta, 

Cervus  megaceros  f 

Cenms  capreolus, 

Cervus  elaphus* 

Cenms  Sedgwkkii, 

Cenms  ardcus. 


Bos  primigenius. 
Hippopotamus  major, 
Eqtuis  fossUis, 
Rhinoceros  megarhinus, 
Rhinoceros  Etruscus, 
Eiephas  antiquus, 
Eiephas  meridionalis, 
Arvicola  amphibia. 
Castor  fiber, 
Trogontherium  Cuvieri, 
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II.  Glacial  Deposits. — ^Under  this  head  is  included  a 
great  series  of  deposits  which  are  widely  spread  over  both 
Europe  and  America,  and  which  were  formed  at  a  time  when 
the  climate  of  these  countries  was  very  much  colder  than  it  is  at 
present,  and  approached  more  or  less  closely  to  what  we  see  at 
the  present  day  in  the  Arctic  regions.  These  deposits  are 
known  by  the  general  name  of  the  Glacial  deposits^  or  by  the 
more  specialised  names  of  the  Drift,  the  Northern  Drift,  the 
Boulder-clay,  the  Till,  &c 

These  glacial  deposits  are  found  in  Britain  as  far  south  as 
the  Thames,  over  the  whole  of  Northern  Europe,  in  all  the 
more  elevated  portions  of  Southern  and  Central  Europe,  and 
over  the  whole  of  North  America,  as  far  south  as  the  39th  par- 
allel They  generally  occur  as  sands,  clays,  and  gravels, 
spread  in  widely-extended  sheets  over  all  the  geological  forma- 
tions alike,  except  the  most  recent,  and  are  commonly  spoken 
of  under  the  general  term  of  "  Glacial  drift."  They  vary  much 
in  their  exact  nature  in  different  districts,  but  they  universally 
consist  of  one,  or  all,  of  the  following  members  : — 

1.  Unstratified  clays,  or  loams,  containing  numerous  angular 
or  sub-angular  blocks  of  stone,  which  have  often  been  trans- 

.  ported  for  a  greater  or  less  distance  from  their  parent  rock, 
and  which  often  exhibit  polished,  grooved,  or  striated  surfaces. 
These  beds  are  what  is  called  Boulder-clay^  or  Till, 

2.  Sands,  gravels,  and  clays,  often  more  or  less  regularly 
stratifiedy  but  containing  erratic  blocks,  often  of  large  size,  and 
with  their  edges  unworn^  derived  from  considerable  distances 
from  the  place  where  they  are  now  found.  In  these  beds  it  is 
not  at  all  uncommon  to  find  fossil  shells ;  and  these,  though  of 
existing  species,  are  mostly  of  an  Arctic  character,  comprising 
a  majority  of  forms  which  are  now  exclusively  found  in  the  icy 
waters  of  the  Arctic  seas.  These  beds  are  often  spoken  of  as 
"  Stratified  Drift," 

3.  Slratificd  sands  and  gravels,  in  which  the  pebbles  are 
worn  and  rounded,  and  which  have  been  produced  by  a  re- 
arrangement of  ordinary  glacial  beds  by  the  sea.  These  beds 
are  commonly  known  as  "Drift-gravels,"  or  "Regenerated 
Drift.'' 

The  fossils  of  the  Glacial  deposits  are  almost  exclusively 
shells,  which  belong  to  existing  species,  but  are  referable  to 
species  now  inhabiting  cold  regions.  The  most  important 
Glacial  shells  are  the  following : — 


J 
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Pecten  Islandicus, 
Astarte  borealis, 
Leda  oblonga, 
Saxicava  rugosa. 
Tellina  proxima. 
Tellina  solidula. 
Leda  truncata. 
Astarte  compressa. 


Trophon  clathratum, 
Natica  clausa. 
Scalaria  Grcntlandica. 
Buccinum  undatum. 
Purpura  lapUlus, 
Fusus  Islandicus, 
LiUorina  littorea. 


III.  Post-Glacial  Deposits.  —  Under  this  head  are  in- 
cluded various  fluviatile  deposits,  such  as  brick-earths,  low- 
level  and  high-level  gravels,  and  all  those  accumulations  which 
are  generally  understood  by  the  terms  "  cave-deposits,"  "  ossi- 
ferous breccias,"  and  the  like.  The  fossils  of  these  deposits 
consist  chiefly  of  the  bones  of  Mammals,  both  living  and 
extinct,  in  many  instances  mixed  with  the  bones,  or,  more 
commonly,  the  implements  of  man  in  his  earliest  and  rudest 
condition.  Most  of  the  Pre-glacial  Mammals  which  have 
been  previously  enumerated,  survived  the  Glacial  period,  and 
appear  in  Post-glacial  deposits;  but  along  with  these  are 
other  forms — ^some  extinct,  some  still  in  existence — ^which  are 
not  known  to  have  lived  in  times  prior  to  the  Glacial  epoch. 
The  following  list  is  given  by  Mr  Boyd  Dawkins  of  the 
Mammals  which  inhabited  Britain  during  the  Post-glacial 
epoch : — 

List  c^f  Post-Glacial  Mammals. 

Palaeolithic  Man. 

The  Glutton  {Gulo  luscus). 

The  Cave  Bear  ( Ursus  spelaus)  ? 

The  Grizzly  Bear  {Ursus ferox)  ? 

The  Cave  Lion  {Felts  leo=^ Felts  spelaa). 

The  Cave  Hyaena  {Hyana  spelaa). 

The  Panther  {Felts  par dus). 

The  Musk-sheep  {Ovibos  moschatus). 

The  Tichorhine  Rhinoceros  {R.  tichorhinus). 

The  Mammoth  {Elephas  primigenius). 

The  Lemming  {Myodes  lemmus). 

The  Cave  Pika  {Lagomys). 

The  Pouched  Marmot  {Spermopkilus). 

Spermophilus  erythrogenoides. 

Geographical  Succession  of  Organic  Forms. 

A  few  words  may  be  said  here  on  a  law  which  may  be  called 
the  "  law  of  the  geographical  succession  of  organic  forms," 
and  which  is  illustrated  more  completely  by  the  Mammalia 
than  by  any  other  extinct  animals.  An  examination,  namely, 
of  the  facts  of  the  geological  distribution  of  Mammals,  leads  to 
the  striking  generalisation  that  "  the  present  distribution  of 
oxg2Lvi\c  forms  dates  back  to  a  period  anterior  to  the  origin  of 
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existing  species  "  (Lyell).  In  other  words,  though  the  extinct 
Mammals  of  the  later  geological  deposits  of  any  given  country 
diflfer  specifically  from  those  now  existing  in  the  same  country, 
they  are  nevertheless  referable  to  the  same  orders^  and  are  in 
every  respect  more  closely  allied  to  the  present  Mammalian 
fauna  than  to  that  of  any  other  country.  A  few  examples  will 
render  this  perfectly  clear. 

Australia  at  the  present  day  is  an  altogether  peculiar  zoolo- 
gical province,  characterised  by  the  abundance  and  variety  of 
Marsupials  which  inhabit  it.  In  the  Post-tertiary  deposits  of 
Australia,  however,  we  are  presented  with  proofs  that  Marsu- 
pials were  just  as  characteristic  of  Australia  during  late  geolo- 
gical epochs  as  they  are  now.  In  the  Post-pliocene  period 
we  know  that  Australia  was  occupied  by  Kangaroos,  Kan- 
garoo-rats, Wombats,  Phalangers,  and  Carnivorous  Marsupials, 
in  every  way  representing  the  living  Marsupials  in  zoological 
value,  but  specifically  distinct,  and  generally  of  gigantic  size. 

In  the  same  way,  South  America  at  the  present  day  is  espe- 
cially characterised  by  a  Mammalian  fauna  containing  many 
peculiar  forms,  the  Edentata  being  especially  conspicuous,  and 
having  a  larger  representation  than  in  any  other  region. 
Similar  but  distinct  forms,  however,  are  found  to  have  existed 
in  South  America  anterior  to  the  creation  of  any  existing 
species.  Thus,  the  modern  Sloths  of  South  America  are  re- 
presented by  the  colossal  MylodoHy  Megalonyx,  Scdidotherium^ 
and  Megatherium.  The  little  armour-plated  Armadillos  are 
represented  by  the  equally  colossal  Glyptodan.  The  Llamas — 
representing  in  South  America  the  Camels  of  the  Old  World — 
are  represented  by  the  curious  extinct  genus  Macrauchenia, 
The  Platyrhine  Monkeys  have  their  extinct  representatives. 
Fossil  Tapirs  take  the  place  of  the  two  existing  species  ;  and 
the  Peccaries  are  represented  by  at  least  five  extinct  species 
of  Dicotyles.  The  bone-caves  of  Brazil  have  also  yielded  re- 
mains of  Sloths,  Coatis,  Kinkajous,  Armadillos,  Guinea-pigs, 
Agoutis,  Capybaras,  Pacas,  Coypus,  Vampire  Bats,  and  Cerco- 
lobes,  allied  to,  yet  distinct  from,  the  species  now  inhabiting 
South  America. 

Similarly,  India  is  at  present  the  only  country  in  which 
four-homed  Antelopes  occur;  and  it  is  in  the  Siwalik  Hills 
that  there,  have  been  found  the  two  gigantic  four-horned  An- 
telopes, which  constitute  the  genera  Sivatherium  and  Brama- 
therium. 

In  Europe,  again,  the  Mammalian  fauna  of  the  later  Ter- 
tiary periods  is  much  more  closely  allied  to  that  now  charac- 
terising the  Old  World,  than  to  that  of  the  New.    We  have 
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the  Lion,  Bear,  Wolf,  Fox,  and  other  well-known  Camwora, 
Elephants,  Rhinoceroses,  and  Hippopotami,  then  as  now,  are 
characteristic  Old  World  forms.  The  Ruminants  are  equally 
characteristic  of  the  eastern  hemisphere,  though  not  exclu- 
sively confined  to  it,  and  they  have  numerous  and  varied  re- 
presentatives in  later  Tertiary  deposits.  The  Giraffe  is  repre- 
sented by  the  Helladoiherium^  and  the  Bactrian  Camel  by  the 
Merycotherium  of  the  Siberian  Drift.  The  fossil  Quadrumana^ 
too,  of  Europe,  all  belong  to  the  Catarhine  section  of  the 
order. 

It  is  unnecessary  to  pursue  the  subject  further,  but  no  law 
is  more  firmly  established  than  this :  "  That  with  extinct  as 
with  existing  Mammalia,  particular  forms  were  assigned  to 
particular  provinces ;  and  that  the  same  forms  were  restricted 
to  the  same  provinces  at  a  former  geological  period  as  they 
are  at  the  present  day  '*  (Owen).  It  is  to  be  borne  in  mind, 
however,  that  the  law,  as  just  stated,  holds  good  for  the  later 
Tertiary  period  only,  and  does  not  apply,  in  any  manner  that 
admits  of  being  traced,  to  the  earlier  geological  epochs. 
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Abdomen  (Lat.  ahdo,  I  conceal).    The  posterior  eavity  of  the  body,  contain- 
ing the  intestines  and  others  of  the  viscera.    In  many  Invertebrates  there 

is  no  serration  of  the  body-cavity  into  thorax  and  abdomen,  and  it  is  only 

in  the  higher  Annulota  that  a  distinct  abdomen  can  be  said  to  exist. 
Abrrraivt  (Lat.  aherro,  I  wander  away).    Departing  from  the  regular  type. 
Abnormal  (Lat.  aJb,  from ;  normal  a  rale).      Irr^ular ;  deviating  from  the 

ordinary  standard. 
Abrancbiatb  (Gr.  a,  without ;  broffchia,  gill).    Destitute  of  gills  or  bran- 

chis». 
AcANTHOPTERTon  (Gr.  aianthaj  spine;  vterux,  wing).      A  group  of  bony 

fishes  with  spinous  rays  in  the  front  part  of  the  dorsEkl  fin. 
AOARINA  (Gr.  akari,  a-  mite).      A  division  of  the  Arachnida,  of  which  the 

Cheese-mite  is  the  type. 
Acephalous  {Ot.  a,  without;  kephale,  head).     Not  possessing  a  distinct 

head. 
ACETABULA  (Lat.  oeetahulum,  a  cup).    The  suckers  with  which  the  oephalio 

processes  of  many  Cephalopoda  (Cuttle-fishes)  are  provided. 
Acetabulum.    The  cup-shaped  socket  of  the  hip-jomt  in  Vertebrates. 
AORODONT  (Gr.  akrot,  nigh ;  odoui,  tooth).    Applied  to  Lizuds,  in  which  the 

teeth  are  anchylosed  with  the  summit  of  the  jaw. 
AcROOENS  (Gr.  akrot,  high ;  ffennao,  I  produce. )     Plants  which  increase  in 

height  by  additions  made  to  the  summit  of  the  stem,  by  the  union  of  the 

bases  of  the  leaves. 
AOTINOZOA  (Gr.  aktin^  a  ray ;  and  to9n,  an  animal).     That  division  of  the 

CoeUiiterata  of  which  the  Seapanemones  mav  be  taken  as  the  t]rpe. 
Alveoli  (Lat.  dim.  of  alvus,  belly).    Applied  to  the  sockets  of  the  teeth. 
Ambulacra  (Lat.  amhulacrum^  a  place  for  walking).     The  perforated  spaces 

or  "  avenues "  through  which  are  protruded  the  tube-feet,  by  means  of 

which  locomotion  is  effected  in  the  JSchinocUmuUa, 
Ambulatory  (Lat.  aminUo,  I  walk).     Formed  for  walking.     Applied  to  a 

single  limb,  or  to  an  entire  animal. 
Ammonitidji.    a  family  of  Tetrabranchlate  Cephalopoda,  so  called  from  the 

resemblance  of  the  shell  of  the  type-genus,  AnvmoniUi,  to  the  horns  of  the 

Egyptian  God,  Jupiter-Ammon. 
Amoeba  (Gr.  amotbot,  changing).     A  species  of  Rhizopod,  so  called  from  the 

numerous  changes  of  form  which  it  undergoes. 
Amcbbiform.    RMembling  an  Amaba  in  form. 

Amorphozoa  (Gr.  a,  without ;  morphe,  shape ;  fo^,  animal).    A  name  some- 
times used  to  designate  the  Sponget, 
Amphibia  (Gr.  ampki,  both;  mt.  life).    The  Frogs,  Newts,  and  the  like, 

which  have  gills  when  young,  but  can  always  breathe  air  directly  when 

adult. 
AMPHictBLons  (Gr.  awphi,  at  both  ends ;  hriloi,  hollow).     Applied  to  Terte- 

bns  which  are  ooncave  at  both  ends. 
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Amphipoda  (Gr.  ampki,  and  pout,  a  foot).    An  order  of  Cnutaeea, 

Akal  (Lai.  anus,  the  Tent).    Connected  with  the  anus,  or  ntuated  near  the 

anus. 
Anabthropoda  (Gr.  a,  without ;  arthrot,  a  joint ;  oom,  foot).    That  division 

of  Annulote  animals  in  which  there  are  no  articulated  appendages. 
AvcHTLOSis  or  Ankylosis  (Gr.  ankulot,  crooked).    The  union  of  two  bones 

bj  osseous  matter,  so  that  they  become  one  bone,  or  are  immovably  joined 

together. 
Anoeospkrms  (Gr.  angeion,  a  vessel ;  tperma,  seed).     Plants  which  have  their 

Beeds  enclosed  in  a  seed-vessel. 
Annelida  (a  Gallicised  form  of  Annulaia).    The  Ringed  worms,  which  form 

one  of  the  divisions  of  the  A  narthavpoda. 
Annulated.    Composed  of  a  succession  of  rings. 

Annuloida  (Lat.  annulut,  a  ring ;  Gr.  eidos,  form).      The  sob-kingdom  com- 
prising the  Ecfiinodennaia  and  the  Scolecida{^=£ckiuozoa). 
Annulosa  (Lat.  annulwt).    The  sub-kingdom  comprising  the  Anartkropoda 

and  the  Arthropoda  or  Atixculataf  in  all  of  which  the  body  is  more  or  less 

evidently  composed  of  a  succession  of  rings. 
Anom ODONTU  (Ur.  anomot,  irregular ;  odoutf  tooth).      An  extinct  order  of 

Reptiles,  often  called  IHcynodotUia. 
Anom DRA  (Gr.  aiumoSf  irregular ;  oura,  tail).    A  tribe  of  Decapod  CruMaeeOf 

of  which  the  Hermit-crab  is  the  type. 
Anoplothbridjs  (Gr.  anoplot,  unarmed ;  tker,  beast).    A  family  of  Tertiary 

Ungulates. 
Anoura  (Gr.  a,  without ;  oura,  tail).    The  order  of  Amphibia  comprising  the 

Frogs  and  Toads,  in  which  the  adult  is  destitute  of  a  tail.     Often  adled 

BcUfUchia. 
Antennjb  ( Lat.  aitUnna,  a  yard-arm).    The  jointed  horns  or  feelers  possessed 

by  the  majority  of  the  ArticuUUa. 
Antbnnules  (dim.  of  AnUnna),    Applied  to  the  smaller  pair  of  antemuB  in 

the  Onuteuxa, 
Antibrachium  (Gr.  anti,  in  front  of ;  hrachion,  the  arm).     The  fore-arm  of 

the  higher  Vertebrates,  composed  of  the  raaiut  and  ulna. 
Antlers.     Properly  the  brancnes  of  the  horns  of  the  Deer  tribe  (Cervida), 

but  generally  applied  to  the  entire  horns. 
Apiocbinida  (Gr.  amon,  a  pear ;   hrinmi,  lily).    A  family  of  Orinoids— the 

**  Pear-encrinites.'' 
Aplaobntalia.    The  section  of  the  Mammalia,  comprising  the  two  divisions 

of  the  IHdelpkia  and  Monodelpkia,  in  which  the  young  is  not  furnished 

with  a  placenta. 
Apoda  (Gr.  a,  without ;  poden,  feet).    Applied  to  those  fishes  which  have  no 

ventral  fins.    Also  to  tne  footless  OecUub  amongst  the  AmphAbia, 
Apodal.     Devoid  of  feet. 
Aptera  (Gr.  a.  without ;  pieron,  a  wing).     A  division  of  Insects,  which  Is 

characterisea  by  the  absence  of  wings  in  the  adult  condition. 
Apterous.    Devoid  of  wings. 
Apteryx  (Gr.  a,  without;  pUrux,  a  wing).    A  wingless  bird  of  New  Zealand, 

belonging  to  the  order  Cwtores. 
Araohnida  (Gr.  arachne.  a  spider).     A  class  of  the  AriicuJUUa,  comprising 

Spiders,  Scorpions,  and  allied  animals. 
Arborescent.    Branched  like  a  tree. 
Archjsoptertx  (Qr.  archaiot,  ancient ;  ptei'ux,  wing).     The  singular  fossil 

bird  which  alone  constitutes  the  order  of  the  Saurwra, 
Arenaceous.    Sandy,  or  composed  of  grains  of  sand. 
Abticulata  (Lat.  articulutf  a  joint).     A  division  of  the  animal  kingdom, 

comprising  Insects,  Centipedes,  Spiders,  and  Crustaceans,  characterised  by 

the  possession  of  jointed  bodies  or  jointed  limbs.    The  term  Artknpoda  is 

now  more  usually  employed. 
Artiodacttla  (Gr.  artiot,  even ;  daktuloif  a  fincer  or  toe).     A  division  of 

the  hoofed  quadrupeds  (UnffuUUa)  in  which  each  foot  has  an  even  number 

of  toes  (two  or  four). 
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AsciDioiDA  (6r.  atiot,  a  bottle ;  etdos,  a  form).  A  synonym  of  Tunicaia,  a 
class  of  Mulluscous  animals^  which  have  the  shape,  in  many  cases,  of  a 
two-necked  bottle. 

Asexual.  Applied  to  modes  of  reproduction  in  which  the  sexes  are  not 
concerned. 

Abiphonate.  Not  possessinfi^  a  respiratory  tube  or  siphon.  (Applied  to  a 
division  of  the  LamellibranehicUe  Molluscs). 

Asteroid  (Gr.  cuter,  a  star ;  and  eidos,  form).  Star-shaped,  or  possessing 
radiating  lobes  or  rays  like  a  star-fish. 

ASTBROIDEA.  An  order  of  Bchinodermata,  comprising  the  Star-fishes,  char- 
acterised by  their  ra^ed  form. 

AsTOMATons  (Gr.  a,  without;  stomas  mouth).     Not  possessing  a  mouth. 

Atlas  (Gr.  the  God  who  holds  up  the  earth).  The  first  Tertebra  of  the  neck, 
which  articulates  with  and  supports  the  skull. 

Ayes  (Lat.  avu,  a  bird).    The  class  of  the  Birds. 

AvicuLARiUM  (Lat.  aviculOf  dim.  of  avU,  a  Bird).  A  singular  appendage, 
often  shaped  like  the  head  of  a  bird,  found  in  many  of  the  Polyzoa, 

Axis  (Gr.  axon,  a  pivot).  The  second  vertebra  of  the  neck,  upon  which  the 
skull  and  atlas  usually  rotate. 

AZYOOUS  (Gr.  a,  without ;  zugon,  yoke).    Single ;  without  a  fellow. 

Balanida  (Gr.  halanot,  an  aoom).    A  family  of  sessile  Cirripedti,  commonly 

called  "Aoom-shelis." 
Baleen  (Lat.  hcUama,  a  whale).    The  horny  plates  which  occupy  the  palate 

of  the  true  or  "  whalebone  "  Whales. 
Batides  (Gr.  baiot,  a  bramble).    The  family  of  the  EUumobranchii  comprising 

the  Rays. 
Batrachia  (Gr.  hairacho$,  a  frog).     Often  loosely  applied  to  any  of  the  Am- 
phibia, but  sometimes  restricted  to  the  Amphibians  as  a  class,  or  to  the 

single  order  of  the  Atunira, 
BELEMNiTiDiB  (Gr.  heUmnon,  a  dart).     An  extinct  group  of  Dibranchiate 

Cepbalopods,  comprising  the  Belemnites  and  their  allies. 
Bifid.    Cleft  into  two  parts ;  forked. 
Bilateral.    Having  two  symmetrical  sides. 

BiMANA  (Lat.  bit,  twice ;  manus,  a  hand).    The  order  of  Mammalia  compris- 
ing man  alone. 
Bipedal  (Lat.  bis,  twice ;  pes,  foot).    Walking  upon  two  legs. 
Bivalve  (Lat.  bis,  twice ;  valvce,  folding-doors).    Composed  of  two  plates  or 

valves ;  applied  to  the  shell  of  the  LarMllibranckiata  and  Brachiopoda,  and 

to  the  carapace  of  certain  Crustaeea. 
Blastoidsa  (Gr.  hlattos,  a  bud  ;  and  eidos,  form).    An  extinct  order  of  Eeki- 

nodermata,  often  called  Pentremiies, 
Brachiopoda  (Gr.  brachion,  an  aim  ;  pons,  the  foot).     A  class  of  the  Mollus- 

coida,  often  called  **  Lamp-shells,    characterised  by  possessing  two  fleshy 

arms  continued  from  the  sides  of  the  mouth. 
Braohium  (Gr.  brachion,  arm).    Applied  to  the  upper  arm  of  Vertebrates. 
Braohtura  (Gr.  brachus,  short ;  oura,  tail).    A  trioe  of  the  Decapod  Orusta- 

ceans  with  short  tails  (i.e.,  the  Crabs). 
Bradtpodidab  (Gr.  bradus,  slow ;  podes,  feet).    The  family  of  Edentata  com- 
prising the  Sloths. 
Brancbia  (Gr.  braaehia^  the  gill  of  a  fish).    A  respiratory  organ  adapted  to 

breathe  air  dissolved  in  wator. 
Branchiate.    Possessing  gills  or  branch iie. 
Branchifera  (Gr.  bragchia^  gill;  andj9A«ro,  I  carry).     A  division  of  Gcutero- 

podous  Molliucs,  in  which  the  respiration  is  aquatic,  and  the  respiratory 

organs  are  mostly  in  the  form  of  distinct  gills. 
Branchio-oasteropoda  (=s  Branchifera). 
Branchiopoda  (Gr.  hragckia;  and  pous^  foot).     A  legion  of  Crugtacea,  in 

which  the  gills  are  supported  by  the  feet. 
Branchiosteoal  (Gr.  bragckia,  gill ;  stego,  I  cover).    Applied  to  a  membrane 

and  rays  by  which  the  gills  are  protected  in  many  fishes. 
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Bruta  (Lat  Itruiua,  heavy,  stupid).  Often  used  to  designate  the  Mammalian 
order  of  the  Edentata, 

Brtozoa  (6r.  bruon,  moss ;  zolfn,  animal).  A  s3monym  of  Polyzoa,  a  class  of 
the  Molltucoida, 

BnooA&  (Lat.  bitcca,  mouth  or  cheeks).    Connected  with  the  mouth. 

BuRBiFORM  (Lat.  burta,  a  purse ;  forma,  shape).  Shaped  like  a  purse ;  sub- 
spherical. 

Btssiferous.    Producing  a  byssus. 

Bybsus  (Gr.  btusotf  flax).  A  term  applied  to  the  silky  filaments  by  which 
the  Pimia,  the  common  Mussel,  and  certain  other  bivalve  Mollusea,  attach 
themselves  to  foreign  objects. 

CADUCiBRAiroHiATE  (Lat.  coducug,  falling  off;  Gr.  bragckiaf  gill).  Applied 
to  those  Amphibians  in  which  the  gills  fall  off  before  maturity  is 
reached. 

Caducous.  Applied  to  parts  which  fall  off  or  are  shed  during  the  life  of  the 
animal. 

Caoal  (Lat.  (XKUtf  blind).    Terminating  blindly,  or  in  a  closed  extremity. 

CiBCUM  (Lat.  eaecus).    A  tube  which  terminates  blindly. 

CJEflPiTOSE  (Lat  ccespet,  a  turf).    Tufted. 

Cainozoic.     {See  Kainozoic.) 

Calamttes  (Lat.  calamus,  a  reed).  Extinct  plants  with  reed-like  stems,  be- 
lieved to  be  gigantic  representatives  of  the  Equiedac^K. 

Caloareous  (Lat.  caXx,  lime).    Composed  of  carbonate  of  lime. 

Calice.  The  little  cup  in  which  the  polype  of  a  ooralligenous  Zoophyte 
(ActinoeoCn)  is  contained. 

CALTOOPHORiDiE  (Gr.  IcaXux,  a  cup ;  and  phero,  I  carry).  An .  order  of  the 
Oceanic  Hjfdrozoa,  so  called  from  their  possessing  bell-shaped  swimming 
organs  (nekocalyces). 

Caltx  (Lat.  calyx f  a  cup).  Applied  to  the  cup-shaped  body  of  VoTiuxUa 
(Protozoa),  or  of  a  Crirund  (Echinodermata). 

Campanularida  (Lat.  eampawila,  a  bell).     An  order  of  Hydroid  Zoophytes. 

Canine  (Lat.  canis,  a  dog).  The  eye-tooth  of  Mammals,  or  the  tooth  which 
is  placed  at  or  close  to  the  prsemazillary  suture  in  the  upper  jaw,  and  the 
corresponding  tooth  in  the  lower  jaw. 

Capitulum  (Lat  dim.  of  captU,  besd).  Applied  to  the  body  of  a  Bamaole 
(Lepadidce),  from  its  being  supported  upon  a  stalk  i>r  peduncle. 

Carapace.  A  protective  shield.  Applied  to  the  upper  shell  of  Oabs,  Lob- 
sters, and  many  other  Crustacea;  also  to  the  case  with  which  certain  of  the 
Infusoria  are  provided.  Also  the  upper  half  of  the  immovable  case  in 
which  the  body  of  a  Chelonian  is  protected. 

Carinatjs  (Lat.  carina,  a  keel).  Applied  by  Huxley  to  all  those  birds  in 
which  the  sternum  is  furnished  with  a  median  ridge  or  keel. 

Carniyora  (Lat.  caro,  flesh  ;  voro,  I  devour).    An  order  of  the  MoMmalia. 

Carnivorous  (Lat  caro,  flesh ;  voro,  I  devour).    Feeding  upon  flesh. 

Carnose  (Lat  caro).    Fleshy. 

Carpus  (Gr.  harpos,  the  wrist).  The  small  bones  which  intervene  between 
the  fore-arm  and  the  metacarpus. 

Catarhina  (Gr.  haia,  downwiuxls ;  rhines,  nostrils).  A  group  of  the  Quadru" 
mana. 

Caudal  (Lat.  cauda,  the  tail).    Belonging  to  the  tail. 

Cavicornia  (Lat.  cavus,  hollow ;  eomu,  a  horn).  The  "  hollow-homed  '* 
Ruminants,  in  which  the  horn  consists  of  a  central  bony  "  horn-core  "  sur- 
rounded by  a  homy  sheath. 

Centrum  (Gr.  ientron,  the  point  round  which  a  circle  is  described  by  a  pair 
of  compasses).    The  central  portion  or  **  body"  of  a  vertebra. 

Cephalaspid^  (Gr.  hephale,  head ;  aspu,  shield).    A  fiunily  of  fossil  fishes. 

Cephalic  (Gr.  hephale,  head).    Belonging  to  the  head. 

Ckphalo-branchiate  (Gr.  kepkale;  and  broffchia.  gill).  Carrying  gills  upon 
the  bead.  Applied  to  a  section  of  the  Annelida^  which,  like  the  Serpulee, 
have  tufts  of  external  gills  placed  upon  the  head. 
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CSPHALOFHORA  (Gr.  tephoU ;  tmdvhero,  J  carry).  Uted  monymonsly  with 
-  EncepkalOf  to  desig^nate  those  Mollutca  which  possess  a  distinct  head. 

Cephalopoda  (Gr.  hephMe  ;  and  podety  feet).  A  class  of  the  Mollutca^  com- 
prising the  Cattle-fishes  and  their  allies,  in  which  there  is  a  series  of  arms 
ranged  round  the  head. 

Cephalothorax  (Gr.  iephale ;  and  tkorax,  chest).  The  anterior  division  of 
the  body  in  many  Crtutacea  and  Arachnida^  which  is  composed  of  the 
coalesced  head  and  chest. 

Cervical  (lAt.  cervix,  neck).    Connected  with  the  region  of  the  neck. 

Cbstraphori  (Gr.  kekra,  ^  weapon  ;  pkerOf  I  carry).  The  group  of  Elatmo- 
branchii  represented  at  the  present  day  by  the  Port  Jackson  Shark. 

Cbtacea  (Gr.  iitat,  a  whale).  The  order  of  Mammals  comprising  the  Whales 
and  Dolphins. 

Cheiroptera  (Gr.  chetr,  hand ;  pteron,  a  wing).  The  order  of  Mammals  com- 
prising the  Bats. 

Chel^  (Gr.  chele,  a  claw).  The  prehensile  claws  with  which  some  of  the 
limbs  are  terminated  in  certain  Vmtlaeta,  such  as  the  Crab,  Lobster,  &c. 

Chelate.    Possessing  chelsB ;  applied  to  a  limb. 

Chelicbrji  (Gr.  ehtltf  a  claw ;  and  hercu,  a  born).  The  prehensile  claws  of 
the  Scorpion,  supposed  to  be  homologous  with  antennsB. 

Chelonia  (Gr.  dulone,  a  tortoise).  The  order  of  Reptiles  comprising  the 
Tortoises  and  Turtles. 

Chelonobatrachia  (Gr.  ehelone,  a  tortoise ;  hatrachot,  a  frt^)*  Sometimes 
applied  to  the  Amphibian  order  of  the  Awmra  (Frogs  and  Toads). 

Chiloonatha  (Gr.  ckeUot^  a  lip ;  and  gnaihoi,  a  jaw).  An  order  of  the  My- 
riapoda. 

Chilopoda  (Gr.  cheilos;  and  podet,  feet).    An  order  of  the  Mvriapoda, 

CHrriNB  (Gr.  chiton,  a  coat).  The  peculiar  chemical  principle,  nearly  allied 
to  horn,  which  forms  the  exoskeleton  in  many  Invdrtebrate  Aninuds,  espe- 
cially in  the  Arthropoda  {Crtutacea,  Iiiseeta,  &c.) 

Cirri  (Lat.  eimts,  a  curl).  Tendril-Uke  appendages,  such  as  the  feet  of  Bar- 
nacles and  Acorn-shells  {Cirripedes),  the  latenJ  processes  on  the  arms  of 
BrcLchiopoda,  ko. 

CiRRiPiROUS  or  C1RRIGEROU8.    Carrying  cirri. 

CiRRiPKDiA,  CiRRHiPEDiA,  or  CiRRBOPODA  (Lat.  cimu,  a  curl ;  and  pet,  a 
foot).     A  sub-class  of  Crutta/cea  with  curled  jointed  feet. 

Cladocera  (Gr.  ilados,  a  branch ;  leras,  a  horn).  An  order  of  Crustacea  with 
branched  antennn. 

Clavate  (Lat.  elavtu,  a  club).    Club-shaped. 

Clavicle  (Lat  daviaila,  a  little  key).  The  **  collar-bone,"  forming  one  of  the 
elements  of  the  pectoral  arch  of  Vertebrates. 

Cloaca  (Lat  a  smk).  The  cavity  into  which  the  intestinal  canal  and  the 
ducts  of  the  generative  and  urinary  organs  open  in  common,  in  some  In- 
vertebrates {eg.,  in  Insects),  and  also  in  many  Vertebrate  animals. 

Clypeiform  (Lat.  clypeus,  a  snield ;  and  forma,  shape).  Shield-shaped ;  ap- 
plied, for  example,  to  the  carapace  of  the  King-crab. 

Ccelenterata  (Gr.  hnlot,  hollow ;  enteron,  the  bowel).  The  sub-kingdom 
which  comprises  the  Hydrozoa  and  Actinozoa,  Proposed  by  Frey  and 
Leuckhart  in  place  of  the  old  term  Radiata,  which  included  other  animals 
as  well. 

CosNENCHTMA  (Gr.  hoinos,  common ;  enehuma,  tissue,  literally  an  infusion). 
The  common  calcareous  tissue  which  unites  together  the  various  coraUitea 
of  a  compound  corallum.      • 

CcENCECiUM  (Gr.  koinoi,  common ;  oikot,  house).  The  entire  dermal  system 
of  any  Polytodn. :  employed  in  place  of  the  terms  polysoary  or  polypidom. 

CosvosARC  (Gr.  koinoi,  common ;  $arx,  flesh).  The  common  organised  me- 
dium by  which  the  separate  polypites  of  a  compound  SydrotoSn  are  con- 
nected together. 

Coleoftkra  (Gr.  loleot,  a  sheath;  pteron,  wing).  The  order  of  Insects 
(Beetles)  in  which  the  anterior  pair  of  wings  are  hardened,  and  serve  tm  pro- 
tective oases  for  the  posterior  pair  of  membranous  wings. 
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CoLUBBiKA  (Lat.  colvher,  a  niake).    A  division  of  the  Ophidia. 
Ck)LUifBACEi  (Lat.  colwnha,  adoTo).    The  diyiBioii  of  Rasorial  birds  compris- 
ing the  DoTOB  and  Pigeons. 
€k)LUMBLLA  (Lat.  dim.  of  columtM,  a  column).     In  Conchology,  the  central 

axis  round  which  the  whorls  of  a  spiral  uniyalve  are  wound.     Amongst  the 

Actinozoa,  it  is  the  central  axis  or  pillar  which  is  found  in  the  centre  of  the 

tbecsB  of  many  corals. 
GoLCMir.    Applied  to  the  cylindrical  body  of  a  Sea-anemone  {Actuita} ;  also 

to  the  jointed  stem  or  peduncle  of  the  stalked  CrinouU.. 
CONCHIFERA  (Lat  conchaf  a  shell ;  fero,  I  carry).    Shell-fish.    Applied  in  a 

restricted  sense  to  the  bivalve  Molluscs,  and  used  as  a  synonym  for  Lamdli- 

Iranciiiata, 
Condyle  (Or.  hondulo*^  a  knuckle).  The  surface  by  which  one  bone  articulates 

with  another.    Applied  especially  to  the  articular  suriSaoe  or  surfaces  by 

which  the  skull  articulates  with  the  vertebral  column. 
Ck)NiR08TRES  (Lat.  conui.  a  cone ;  fXMfrum,  a  beak).    The  division  of  Perching 

Birds  with  conical  beaks. 
Copbpoda  (Gr.  koptf  an  oar ;  j)odeSf  feet).    An  order  of  Cruttaeea. 
GORACOID  (Gr.  kor€Ut,  a  crow ;  eidos,  form).     One  of  the  bones  which  enters 

into  the  composition  of  the  pectoral  arch  in  Birds,  Reptiles,  and  Mono- 

tremes.    In  most  Mammals  it  is  a  mere  process  of  the  scapula,  having,  in 

man,  some  resemblance  in  shape  to  the  beieJc  of  a  crow. 
CoRALLiGENOUS.    Producing  a  corallum. 
CORALLITE.    The  corallum  secreted  by  an  Actinozodn  which  consists  of  a  single 

poljrpe ;  or  the  portion  of  a  composite  corallum  which  belongs  to,  and  is 

secreted  by,  an  individual  polype. 
Ck>RALLUif  (from  the  Latin  for  Red  Coral).   The  hard  structures  deposited  in, 

or  by,  the  tissues  of  an  AcliTiozodH — commonly  called  a  "  coral." 
CoRTACEOUB  (Lat.  (Tortttia,  hide).    Leathery. 
CoRYNiDA  (Gr.  korunef  a  club).    A  group  of  the  Hvdroid  Zoophytes,  so  called 

from  their  sometimes  possessing  clubbed  tentacles. 
CosTiB  (Lat.  eo«to,  a  rib).     Applied  amongst  the  CrinouUa  to  designate  the 

rows  of  plates  which  succeed  the  inferior  or  basal  portion  of  the  cup  (pel- 
vis).   Amongst  the  CoraU  the  **  costas  "  are  vertical  ridges  which  occur 

on  the  outer  surdEUie  of  the  theca,  and  mark  the  position  of  the  septa 

within. 
Costal  (Lat  cotta,  a  rib).    Connected  with  the  ribs. 
Cranium  (Gr.  kranion,  the  skull).    The  bony  or  cartilaginous  case  in  which 

the  brain  is  contained. 
Crinoidea  (Gr.  krinonf  a  lily ;  eULot^  form).    An  order  of  Rehinodermata,  com- 
prising forms  which  are  usually  stalked,  and  sometimes  resemble  lilies  in 

shape. 
Crocodilia  (Gr.  krokodeiloSf  a  crocodile).     An  order  of  Reptiles. 
Crossopteryoidjb  (Gr.  h'ouolot,  a  fringe ;  j9ferf/r,  a  fin).    A  sub-order  of 

Ganoids  in  which  the  paired  fins  possess  a  central  lobe. 
Crustacea  (Lat.  erusta,  a  crust).    A  class  of  Articulate  animals,  comprising 

Crabs,  Loosters,  &;c.,  characterised  by  the  possession  of  a  hard  shell  or 

crust,  which  they  cast  periodically. 
Cryftooams  (Gr.  JeruptoMf  concealed  ;  gamotf  marriage).    A  division  of  plants 

in  which  the  organs  of  reproduction  are  obscure  and  there  are  no  true 

flowers. 
Ctenoid  (Gr.  JUeit,  a  comb ;  eidos,  form).    Applied  to  those  scales  of  fishes, 

the  hinder  margins  of  which  are  fringed  with  spines  or  comb-like  projections. 
Ctsnophora  (Gr.  kteit,  a  comb ;  and  pkero^  I  carry).    An  order  of  Actinosoa, 

comprising  oceanic  creatures,  which  s^im  by  means  of  **  otenophores,*'  or 

bands  of  cilia  arranged  in  comb-like  plates. 
CURSOREB  (Lat.  eurrOf  I  run).     An  onier  of  Avet,  comprising  birds  destitute 

of  the  power  of  fiight,  but  formed  for  running  vigorously  {e,g.,  the  Ostrich 

and  Emeu). 
Cuspidate.     Furnished  with  small  pointed  eminences  or  "  cusps." 
Cuticle  (Lat.  enticula,  dim.  of  cutis,  skin).    The  pellicle  which  forms  the 
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outer  layer  of  the  body  Amongst  the  Ii^utoria,     The  outer  layer  of  the 

integument  generally. 
Ctoloid  (Gr.  huklot,  a  circle  ;  eidotj  form).    Applied  to  those  scales  of  fishes 

which  have  a  regularly  circular  or  elliptical  outline  with  an  even  mai^^. 
Ctclostomi  ^Gr.  kiLklos,  and  stoma,  mouth).    Sometimes  used  to  designate 

the  Hag-fishes  and  Lampreys,  forming  the  order  Maraipobranehii, 
Ctst  (Gr.  hutUf  a  bladder  or  hug).    A  sac  or  vesicle. 
Ctstoidea  ^Gr.  hutU,  a  bladder;  and  tido$j  form).    An  extinct  order  of 

Eckinodermata, 

Decapoda  (Gr.  deha,  ten  ;  podet,  feet).    The  division  of  CiiMtorea  which  have 

ten  ambulatory  feet ;  aJso  the  family  of  Cuttle-fishes,  in  which  there  are 

ten  arms  or  cephalic  processes. 
Deciduous  (Lat.  decido,  I  fall  off).    Applied  to  parts  which  fall  off  or  are 

shed  during  the  life  of  the  animal. 
Decollated  (Lat.  decoilo,  I  behead).    Applied  to  univalve  shells,  the  apex  of 

which  falls  off  in  the  course  of  growth. 
DiiNOSAUiiiA  (Gr.  deinot,  terrible ;  sawa,  lizard).    An  extinct  order  of  Hep- 

tiles. 
Dendriform,  Dendritic,  Dendroid  (Gr.  dendwn,  a  tree).    Branched  like  a 

tree,  arborescent. 
Dermal  (Gr.  dtrma,  skin).    Belonging  to  the  int^^ment. 
Desmidijb.    Minute  fresh- water  plants,  of  a  green  coloar,  without  a  siliceous 

epidermis. 
Dbxtral  {IjbX.  dextra,  the  right  hand).     Right-handed.     Applied  to  the  di- 
rection of  the  spiral  in  the  greater  number  of  univalve  shells. 
Diaphragm  (Gr.  diaphragma,  a  partition).    The  ''midriff"  or  the  muscle 

which  in  Mammalia  forms  a  partition  between  the  cavities  of  the  thorax 

and  abdomen. 
Diastema  (Gr.  dia,  apart ;  kutemif  to  place).    A  gap  or  interval,  especially 

between  teeth. 
DiATOMAOEJB  (Gr.  diatemno,  I  sever).    An  order  of  minute  plants,  which  are 

provided  with  siliceous  envelopes. 
DiRRANCHiATA  (Gr.  (f  M,  twice ;  hragekiaf  rill).    The  order  of  Cephalopoda 

(comprising  the  Cuttle-fishes,  &c.)  in  which  only  two  gills  are  present. 
DiCTNODONTiA  (Gr.  dU,  twice;  kuon,  dog;  odovs,  tooth).    An  extinct  order 

of  Reptiles. 
DiDELPHiA  (Gr.  dxMf  twice ;  delphtu,  womb).    The  subdivision  of  Mammals 

comprising  the  Marsupials. 
Digit  (Lat.  diffilut,  a  finger).    A  finger  or  toe. 

DioiTiORADA  (Lat.  dipiius;  gradior,  I  wdk).   A  subdivision  of  the  Camivora, 
DioiTiORADE.    Walkmg  upon  the  tips  of  the  toes,  and  not  upon  the  soles  of 

the  feet. 
DiMYART  (Gr.  du,  twice ;  mvon,  muscle).     Applied  to  those  bivalve  Molluscs 

(LamelHbranc/iiata)  in  which  the  shell  is  dosed  by  two  adductor  muscles. 
DiPHYODONT  (Gr.  dUf  twice ;  phvo,  I  generate ;  ooohs,  tooth).      Applied  to 

those  Mammals  which  have  two  sets  of  teeth. 
Dipnoi  (Gr.  dis,  twice ;  pnoe,  breath).     The  order  of  Fishes  represented  by 

the  Jjepidotiren. 
DiPTERA  (Gr.  ditt  twice ;  pteron,  wing).    An  order  of  Insects  oharaoterised  by 

the  possession  of  two  wmgs. 
Discoid  (Gr.  dittos,  a  quoit ;  eidos,  form).     Shaped  like  a  round  plate  or 

quoit. 
DiscoPHORiV  (Gr.  dishos,  a  quoit ;  phero,  I  carry).    This  term  is  applied  to  the 

Medusa,  or  Jelly-fishes,  from  their  form  ;  and  is  sometimes  used  to  desig- 
nate the  order  of  the  Leeches  (Hirudinea),  from  the  suctorial  discs  which 

these  animals  possess. 
Dissepiments  ( Lat.  dissepio,  I  partition  off).    Partitions.    Used  in  a  restricted 

sense  to  designate  certain  imperfect  transverse  partitions,  which  grow  from 

the  septa  of  many  corals. 
Distal.    Applied  to  the  quickly-growing  end  of  the  hydroeotna  of  a  Hydro- 
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Z0611;  the  opposite,  or  "proximal/'  extremity  growing  leee  rapidly,  and 
being  the  end  by  which  the  organism  is  fixed,  when  attt^hed  at  alL 

Diurnal  (Lat.  diu,  day).  Applied  to  animals  which  are  actiye  during  the 
day. 

Dorsal  (Lat  dorsum^  back).    Connected  with  the  back. 

D0R8IBRANCHIATE  (Lat.  dorsum,  the  back  ;  Gr.  hragchiaf  gill).  Having  ex- 
ternal gills  attached  to  the  back ;  applied  to  certain  A  mulicUsand  Moliuscs. 
The  term  is  of  mongrel  composition,  and  '*  notobranchiate"  is  more  cor- 
rectly employed. 

EcHiNODERMATA  (Gr.  echinos;  and  derma,  skin).  A  class  of  animals  com- 
prising the  Sea-urohinsj  Star-ftshes,  and  others,  most  of  which  have  spiny 
skins. 

ECHTiroiDEA  (Gr.  echinot;  and  eidat,  form).  An  order  o{  Behtnodermata,  com- 
prising the  Sea-urchins. 

EcHiNULATE.     Possessing  spines. 

£cT0C78T  (Gr.  ektot,  outside  ;  hutu,  a  bladder).  The  external  investment  of 
the  OQiDGBcium  of  a  Polyzodn. 

EoTODERif  (Gr.  eJctot,  and  derma,  skin).  The  external  integumentary  layer  of 
the  Calenlerata. 

Edentata  (Lat.  e,  without;  dena,  tooth).  An  order  of  Mammalia  often 
called  Bruia, 

Edentulous.  Toothless,  without  any  dental  apparatus.  Applied  to  the 
mouth  of  any  animal,  or  to  the  hinge  of  the  biviJve  Molluscs. 

Edriophthalmata  (Gr.  hedraiot,  sitting ;  ophJLkalmos,  eye).  The  division 
of  GnuUuxa  in  which  the  eyes  are  sessile,  and  are  not  supported  upon 
stalks. 

ELASMOBRANCHn  (Gr.  elama,  a  plate ;  bragchia,  gill).  An  order  of  Fishes, 
including  the  Sharks  and  Bays. 

Elytra  (Gr.  elutron,  a  sheath).  The  chitinous  anterior  pair  of  wings  in 
Beetles,  which  form  cases  for  the  posterior  membranous  wings.  Also  ap- 
plied to  the  scales  or  plates  on  the  back  of  the  Sea-mouse  (Aphrodite). 

Embryo  (Gr.  en,  in ;  bruo,  I  swell).  The  earliest  stage  at  whidi  the  young 
animal  is  recognisable  in  the  impregnated  ovum. 

Enaliosauria  (Gr.  efialioSf  marine  ;  tauraj  lizard).  Sometimes  employed  as 
a  common  term  to  designate  the  extinct  Reptilian  orders  of  the  IchtkyotaHria 
and  Plenosaurta, 

Encephalous  (Gr.  en,  in ;  hephaXe,  the  head).  Possessing  a  distinct  head. 
Usually  applied  to  all  the  MoUusca  proper,  except  the  Lamellibranchiata. 

Endocyst  (Gr.  ^idon,  within  ;  kuttia,  a  ba^).  The  inner  membrane  or  in- 
tegumentary layer  of  a  Polyzo&n,  In  Crutatella,  where  there  is  no  "  eoto- 
cyst,"  the  endocyst  constitutes  the  entire  integument. 

Endoderm  (Gr.  eiCdon;  and  derm/i,  skin).  The  inner  integumentary  layer  of 
the  Coelenierata. 

Endopoditb  (Gr.  endon;  and  noui,  foot).  The  inner  of  the  two  secondary 
joints  into  which  the  typical  limb  of  a  C^-vMo/cean  is  divided. 

Endobkeleton  (Gr.  endon;  and  tktlttot,  dry).  The  internal  hard  structures, 
such  as  bones,  which  serve  for  the  attachment  of  muscles,  or  the  protao- 
tlon  of  organs,  and  which  are  not  a  mere  hardening  of  the  int^piment. 

Ensiform  (Lat.  emit,  a  sword ;  forma,  shape).    Sword-shaped. 

Entomophaoa  (Gr.  entorna,  insects ;  pfuMo,  I  eat).  A  section  of  the  Marsu- 
pialia. 

Entomostraca  (Gr.  entoma,  insects ;  ostrakon,  a  shell).  Literally  Shelled 
Insects,  applied  to  a  division  of  Oturtocea. 

Entozoa  (Gr.  efUoif  within  ;  zodn,  animal).  Animals  which  are  parasitic  in 
the  interior  of  other  animals. 

EocENB  (Gr.  eos,  dawn ;  kainos,  new  or  recent).  The  lowest  division  of  the 
Tertiary  Bocks,  in  which  species  of  existing  shells  are  to  a  small  extent 
represented. 

Epidermis  (Gr.  epi,  upon;  derma,,  the  true  skin).  The  outer  non-vaseular 
layer  of  the  skin,  often  called  the  scarf-skin  or  cuticle. 
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EpiifSliA  (Gr.  epi,  upon ;  miron,  thigh).    The  lateral  pieces  of  the  dorsal  arc 

of  the  somite  of  a  Onuicuxan, 
Epepodia  (Gr.  epi,  upon ;  pons,  the  foot).     Muscular  lobes  developed  from 

the  lateral  and  upper  surfaces  of  the  **  foot"  of  some  Molltucs, 
Epipodite  (Gr.  epi,  upon ;  pons,  foot).      A  process  developed  upon  the  basal 

joint,  or  "  protopodite/'  of  some  of  the  limbs  of  certain  Crustacea. 
Episterna  (Gr.  epif  upon ;  tternon,  the  breast-bone).    The  lateral  pieces  of 

the  inferior  or  ventral  arc  of  the  somite  of  a  Cfnittacean. 
Efistome  (Gr.  epi;  and  stomaf  mouth).     A  valve-like  oiig^n  which  arches 

over  the  mouth  in  certain  of  the  Polyzoa. 
Epitheoa  (Gr.  epi;  and  thete,  a  sheath).      A  continuous  layer  surrounding 

the  thecee  in  some  Corals  externally. 
Epizoa  (Gr.  epi,  upon;  zoSn,  animal).      Animals  which  are  parasitic  upon 

other  animals.     In  a  restricted  sense,  a  division  of  Onutacea  which  are 

parasitic  upon  fishes. 
Equilateral  (Lat.  cggwu,  equal ;    laitts,  side).      Having  its  sides  equal. 

Usually  applied  to  the  shells  of  the  Bradiiopoda.     When  applied  to  the 

spiral  shells  of  the  Foraminiftra,  it  means  that  ail  the  convolutions  of  the 

shell  lie  in  the  same  plane. 
Equisetaoea  (Lat.  tquvA,  horse ;  9fia,  bristle).     A  group  of  Cryptogamous 

plants,  commonly  known  as  *'  Horse-tails.*' 
Equivalve  (Lat.  ixquus,  equal;   valva,  folding-doors).      Applied  to  shells 

which  are  composed  of  two  equal  pieces  or  valves. 
Erramtla.  (Lat.  erro,  I  wander).     An  order  of  A  nnelida,  often  called  Nemdea, 

distingoished  by  their  great  locomotive  powers. 
Eurtptertda  (Gr.  turut,  broad;  pteron,  wing).     An  extinct  sub-order  of 

Cruttacea. 
Exopodite  (Gr.  txo,  outside ;  wnu,  foot).     The  outer  of  the  two  secondary 

joints  into  which  the  typi<»d  limb  of  a  Crusta4xan  is  divided. 
Exoskeleton  (Gr.  exo,  outside  ;  skeUtas,  dry.     The  external  skeleton,  which 

is  constituted  by  a  hardening  of  the  integument,  and  is  often  (udled  a 

**  dermoskeleton." 

Fasciculated  (Lat.  ftucicultis,  a  bundle).    Arranged  in  bundles. 

Fauna  (Lat.  Fauni,  the  rural  deities  of  the  Bomans).  The  general  assem- 
blage of  the  animals  of  any  ragion  or  district. 

Femur.  The  thigh-bone,  intervening  between  the  pelvis  and  the  bones  of 
the  leg  proper  {tibia  zxiAfhda). 

Fibula  (Lat.  a  brooch).  The  outermost  of  the  two  bones  of  the  leg  in  the 
higher  Vert^nuta  ;  corresponding  to  the  ulna  of  the  fore-arm. 

FiLiCES  (Lat.  filix,  a  fern).  The  oi^er  of  Cryptogamic  plants  comprising  the 
Ferns. 

Filiform  (Lat.  jilum,  a  thread ;  fanna,  shape).    Thread-shaped. 

Fission  (Lat.  jindo,  I  cleave).  Multiplication  by  means  of  a  process  of  self- ' 
division. 

Fissiparous  (Lat.  jindo  ;  and  pario,  I  produce).  Giving  origin  to  fresh  struc- 
tures by  a  process  of  fission. 

Flora  (Lat.  Flora^  the  goddess  of  flowers).  The  general  assemblage  of  the 
plants  of  any  reeion  or  district. 

Foot-jaws.  The  limbs  of  Crustacea,  which  are  modified  to  subserve  mastica- 
tion. 

Foot-secretion.  The  term  applied  by  Mr  Dana  to  the  sclerobasic  oorallum 
of  certain  Aetinozoa. 

Foot-tubercles.  The  unartioulated  appendages  of  the  Annelida,  often 
called  parapodia. 

FoRAMiNiFEBA  (Lat.  foramen,  an  aperture ;  fero,  I  carry).  An  order  of  Pro- 
tozoa, usually  characterised  by  the  possession  of  a  shell  perforated  by 
numerous  pseudopodial  apertures. 

FruoivoROUS  ( Lat. /nur,  fruit ;  voro,  I  devour).     Living  upon  fruits. 

FucoiDS  (Lat.  fucus,  sea-weed ;  Gr.  eidos,  likeness).  Fossils,  often  of  an 
olMoure  nature,  believed  to  be  the  remains  of  sea-weeds. 
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FuRCULUM  or  FuBCULA  (Lat  dim.  of  f urea,  a  fork).  The  "  meny-thoogbt " 
of  birds,  or  the  V-shaped  bone  formed  by  the  united  clavicles. 

Fusiform  (Lat.  fiuvs,  a  spindle ;  and  forma,  shape).  Spindle-shaped,  or 
pointed  at  both  ends. 

Gallinacisi  (Lat.  gallina^  a  fowl).      Sometimes  applied  to  the  whole  order  of 

the  Rasorial  Birds,  but  properly  restricted  to  that  section  of  the  order  of 

which  the  common  Fowl  is  a  typical  example. 
Ganglion  (Gr.  gag^Uon,,  a  knot).     A  mass  of  nerroos  matter  containing 

nerve-cells,  and  giving  origin  to  nerve- fibres. 
Ganoid  (Gr.  gavvotf  splendour,  brightness).    Applied  to  those  scales  or  plates 

which  are  composed  of  an  Inferior  layer  of  true  bone  covered  by  a  superior 

layer  of  polished  enamel. 
Ganoidei.    An  order  of  Fishes. 
Gasteropoda  (Gr.  gaster,  stomach ;  p<nu,  foot).     The  claFS  of  the  Moflusea 

comprising  the  ordinary  univalves,  in  which  locomotion  ist  usually  effected 

by  a  muscular  expansion  of  the  under  surface  of  the  body  (the  "  foot"). 
Gemm^  {gemma,  a  bud).    The  buds  produced  by  any  animal,  whether  detached 

or  not 
Gemmation.    The  process  of  producing  new  structures  by  budding. 
Gemmiparous  (Lat.  gemma,  a  oud  ;  pario,  I  produce).     Giving  origin  to  new 

structures  by  a  process  of  budding. 
Gephtrea  (Gr.  g^hnra,  a  bridge).     A  class  of  the  Anartkropoda,  oomprisiDg 

the  Spoon-worms  (Sipunculiu)  and  their  allies. 
Gizzard.    A  muscular  divii^ion  of  the  stomach  in  Birds,  Insects,  &c. 
Gladius  (Lat  a  sword).      Applied  to  the  homy  eudoskeleton  or  "pen"  of 

certain  Cuttle-fishes. 
Glenoid  (Gr.  gUtu,  a  cavity ;  eidos,  form).    A  shallow  cavity ;  applied  espe- 

ciallv  to  the  shallow  articular  cavity  in  the  shoulder-blade  to  which  the 

head  of  the  humerus  is  jointed. 
Grallatores  (Lat.  grallce,  stilts).     The  order  of  the  long-logged  Wading 

Birds. 
Graptolitid JS  (Gr.  grapho,  I  write ;  litkotf  stone).      An  extinct  sub-class  of 

the  Hydrozoa. 
Greoarinida  (Lat  gregarius,  occurring  in  numbers  together).    A  class  of  the 

Protozoa. 
Guard.     The  cylindrical  fibrous  sheath  with  which  the  internal  chambered 

shell  (phragmacone)  of  a  BeUmnlU  is  protected. 
Gymmoljsmata  (Gr.  gumnos,  naked ;  laimos,  the  throat).     An  order  of  the 

Polyzoa  in  which  the  mouth  is  devoid  of  the  valvular  structure  known  as 

the  ''epistome." 
Gymnophiona  (Gr.  gumnoSt  naked ;  ophitf  a  snake).      The  order  of  the  An- 

phUna  comprising  the  snake-like  Cacilia. 
Qymnophthalmata  (Gr.  gumnos ;  and  ophthalmos,  the  eye).    Applied  by  Ed- 
ward Forbes  to  those  Jaediuce  in  which  the  eye-specks  at  the  margin  of  the 

disc  are  unprotected.    The  division  is  now  abandoned. 
Gymnosomata  (Gr.  gumnos ;  and  ioma^  the  body).      The  order  of  Fteropoda 

in  which  the  body  is  not  protected  by  a  shell. 

Hallux  (Lat  alUx,  theithumb  or  great  toe).    The  innermost  of  the  firo 

digits  which  normally  compose  the  hind  foot  of  a  Vertebrate  animal.     In 

man,  the  great  toe. 
Hemiptera  ^Gr.  hemi  ;  and  pteron,  wing).    An  order  of  Insects  in  which  the 

anterior  wmgs  are  sometimes  **  hemelytra." 
Hermaphrodite  (Gr.  Hermes,  Mercury  ;  Aphrodite,  Venus).    Possessing  the 

characters  of  both  sexos  combined. 
Hsterocercal  (Gr.  heteros,  diverse;   kerkos,  tail.)     Applied  to  the  tail  of 

Fishes  when  it  ii*  unsymmetrical,  or  composed  of  two  unequal  lobes. 
Hetrropoda  (Gr.  heterot,  diverse ;  nodes,  feet).    An  aberrant  group  of  the 

(Jasteropods,  in  which  the  foot  is  modified  so  as  to  form  a  swimming 

organ* 
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HiRUDiNSA  (Lai.  hirudo,  a  horae-leecli).    The  order  of  Annelida  compriaing 

the  Leeohes. 
Histology  (Gr.  kittct,  a  web ;  toffot,  a  discourse).    The  study  of  the  tissaes, 

more  especially  of  the  minuter  elements  of  the  body. 
HOLOCEPHALI  {Gr.  holot,  whole ;  iepkaUf  head).    A  sub-order  of  the  Elatmo- 

branchit  comprising  the  Chimaro!. 
HoLOSTOMATA  (Gr.  holes,  whole ;  ttoma,  mouth).    A  division  of  Oatleropodout 

MolluKs,  in  which  the  aperture  of  the  shell  is  rounded,  or  **  entire." 
HoLOTBpROiDEA  (Gr.  kolothourUm  ;  and  etdot,  form).    An  order  of  Echinoder- 

mata  comprisiog  the  Trepangs. 
HoMOCERCAL  (Gr.  homos,  same ;  herhos,  tail).    Applied  to  the  tail  of  Fishes 

when  it  is  symmetrical,  or  composed  of  two  equal  lobes. 
Homologous  (Gr.  hcmxts ;  and  w^os,  a  discourse).    Applied  to  ports  which 

are  constructed  upon  the  same  hindamental  plan. 
Humerus.    The  bone  of  the  upper  arm  (6rac/ttufii)  in  the  Yertebratee. 
Hyaline  (Gr.  hualos,  crystal).    Crystalline  or  glassy. 
Hybodonts  (Gr.  hubos,  curved ;  odous,  tooth).    A  group  of  Fishes  of  which 

Hybodus  is  the  type-genus. 
Hydroida  (Gr.  hudra ;  and  eidos,  form).     The  sub-class  of  the  Hydrozoa, 

which  comprises  the  animals  most  nearly  allied  to  the  Hydra, 
Hydrotueca  (Or.  hudra;  and  thekty  a  case).    The  little  chitinons  cups  in 

which  the  polypites  of  the  Serlularida  and  Campanularida  are  protected. 
Hydrozoa  (Gr.  hudra  j  and  zo&n,  animal).     The  class  of  the  CcsUnterata 

which  comprises  animals  constructed  after  the  type  of  the  Hydra. 
Hymenoftera  (Gr.  humen,  a  membrane  ;  pteron,  a  wing).    An  order  of  In- 
sects (comprising  Bees^  Ants,  &c.)  characterised  by  the  possession  of  four 

membranous  wines. 
Hyoid  (Gr.  U ;  eidos,  form).    The  bone  which  supports  the  tongue  in  Yer- 
tebratee, and  derives  its  name  from  its  resemblance  in  man  to  the  Greek 

letter  U. 
Hypostome  (Gr.  hupo,  under ;  ttoma,  mouth).    The  upper  lip,  or  '*  labrum," 

of  certain  CruiUicea  {e.g.,  Trilobites). 
Hyraooidea  (Gr.  hurax,  a  shrew ;  eidos,  form).    An  order  of  the  Mammalia 

constituted  for  the  reception  of  the  single  genus  Hyrax, 

Iohthyodoruute  (Gr.  ichihtu,  fish  ;  dorus,  spear ;  lithos,  stone).  The  fossil 
fin-spiues  of  Fishes. 

Ichthyomorpha  (Gr.  tchthtu ;  morphe,  shape).  An  order  of  Amphibians, 
ofben  called  Urodela,  oomprising  tne  fish-liKe  Newts,  &c. 

lOHTHYOFHTHiRA  (Gr.  ichthus  ;  phtheir,  a  louse).  An  order  of  Cntstaeea  com- 
prising animals  which  are  parasitic  upon  Fishes. 

ICHTHYOPSIOA  (Gr.  ichthvs ;  ODsis,  appearance).  The  primary  division  of 
Vertebral,  comprising  the  Fishes  and  Amphibia.  Often  spoken  of  as  the 
Branchiate  Vtrtmrata. 

ICHTHYOPTERYOIA  (Gr.  ichihtu;  plerux,  wing).    An  extinct  order  of  Reptiles. 

ICHTHYOSAURIA  (Gr.  ichthus  ;  saura,  lizard).  Synonymous  with  Icldhyopttrygia. 

Ilium.  The  haunch-bone,  one  of  the  bones  of  the  pelvic  aroh  in  the  higher 
Yertebrates. 

Imago  (Lat.  an  image  or  apparition).  The  perfect  insect,  after  it  has  under- 
gone its  metamorphoses. 

Imbricated.    Apphed  to  scales  or  plates  which  overlap  one  another  like  tiles. 

iNCnoR  (Ijat.  incido,  I  out).  The  cutting  teeth  fixed  in  the  intermaxiUiiry 
bones  of  the  Mammalia,  and  the  corresponding  teeth  in  the  lower  jaw. 

Inequilateral.  Having  the  two  sides  unequal,  as  in  the  case  of  the  shells 
of  the  ordinary  bivalves  (Lamellibranchiaia).  When  applied  to  the  shells 
of  the  Foraminifera,  it  implies  that  the  convolutions  of  the  shell  do  not  lie 
in  the  same  plane,  but  are  obliquely  wound  round  an  axis. 

Inbquivalye.    Composed  of  two  unequal  pieces  or  valves. 

Infundibulum  (Lat.  for  funnel).  Tne  tube  formed  by  the  coalescence  or 
apposition  of  the  epipodia  in  the  Cephalopoda^  Commonly  termed  the 
''funnel,"  or  "siphon." 
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Infusobia  (Lat.  infusum,  an  infuaion).  A  class  of  Protozoa,  to  called  be- 
cause tbey  are  often  developed  in  oi^^ic  infusions. 

Inopebculata  (Lat.  in,  witnout;  operculum,  a  lid).  The  division  of  pul- 
monate  Oatteropoda  in  which  there  is  no  shelly  or  homy  plate  (operculum) 
by  which  the  shell  is  closed  when  the  animal  is  withdrawn  within  it. 

IirsECTA  (Lat.  inseco,  I  out  into).  The  class  of  artieulate  animals  commonly 
known  as  Insects. 

IxBECTiYOBA  (Lat.  inteetuM,  an  insect;  9oro,  I  devour).  An  order  of 
Mammals. 

iNSECTivoRons.    Living  upon  Insects. 

Inbessobes  (Lat.  imudeo,  I  sit  upon).  The  order  of  the  Perching  Birds,  often 
called  Pojuerea. 

Interambulaora.  The  rows  of  plates  in  an  Echiiioderm  which  are  not  per- 
forated for  the  emission  of  the  "  tube-feet." 

Intermazilla,  or  Pramaxilla.  The  two  bones  which  are  situated  between 
the  two  superior  moxillie  in  VeriehraJUi.  In  man,  and  some  monkeys,  the 
prsemazillse  anchylose  with  the  maxillae,  so  as  to  be  irreoogniBable  in  the 
adult. 

Inyrbtebbata  (Lat.  in,  without :  vertAra,  a  bone  of  the  back).  Animais 
without  a  spinal  column  or  backbone. 

IscBiUM  (6r.  uchion,  the  hip).  One  of  the  bones  of  the  pelvic  arch  in  Verte- 
brates. 

IsoPODA  (Gr.  itos,  equfd  ;  jHxUSf  feet).  An  order  of  Cttateuxa  in  which  the 
feet  are  like  one  another  and  equal. 

JnouLAK  (Lat.  ingnlum,  the  throat).  Connected  with,  or  placed  upon,  the 
throat.  Applied  to  the  ventral  fins  of  fishes  whep  they  are  placed  beneatii 
or  in  advance  of  the  pectorals. 

• 

KaiNOZOIC  (Gr.  tainos,  recent ;  zoe,  life).     The  Tertiary  period  in  Geology, 

comprising  those  formations  in  which  the  organic  remains  approximate 

more  or  less  closely  to  the  existing  fauna  and  flora. 
Keratodb  (Gr.  kercu,  horn  ;  eidoSy  form).    The  homy  substance  of  which  the 

skeleton  of  many  sponges  is  made  up. 
Keratosa.    The  division  of  Sponges  in  which  the  skeleton  is  composed  of 

keratode. 

Labium  (Lat  for  lip).    Restricted  to  the  lower  lip  of  Articulate  animals. 
Labrum  (Lat.  for  lip).     Restricted  to  the  upper  lip  of  Articulate  animals. 
Labtrinthodontia  (Gr.  laburinthos,  a  labynnth  ;  odout,  tooth).     An  extinct 

order  of  Amphibia,  so  called  from  the  complex  microscopic  structure  of 

the  teeth. 
Lacebtilia  (Lat.  laoeria,  a  lizard).     An  order  of  Reptilia  comprising  the 

Lizards  and  Slow-worms. 
LsMODiPODA  (Gr.  laimoa,  throat ;  dit^  twice ;  podtt,  feet).    An  order  of  OrHt- 

taeea,  so  called  because  they  have  two  feet  placed  far  forwards,  as  it  were, 

under  the  throat. 
Lambllibranchiata  (Lat.  lamella,  a  plate  ;  Gr.  hragchia,  gill).    The  class  of 

Mollusca,  comprising  the  ordinary  bivalves,  characterised  by  the  possession 

of  lamellar  gills. 
Lahellirostres  (Lat.  lamella,  a  plate ;  rostrum,  beak).  The  flat-billed  Swim- 
ming Birds  {Natatore*),  such  as  Ducks,  Geese,  Swans,  &o. 
Larva  (Lat.  a  mask).    The  insect  in  its  first  stage  after  its  emergence  from 

the  Qgg,  when  it  is  usually  very  different  from  the  adult. 
Labtnx.    The  upper  part  of  the  windpipe,  forming  a  cavity  with  appropriata 

muscles  and  cartilages,  situated  beneath  the  hyoid  bone,  and  concerned  ia 

Mammals  in  the  production  of  vocal  sounds. 
Lenticular  (Lat.  ItM,  a  bean).    Shaped  like  a  biconvex  lens. 
'Lefidodendron  (Gr.  lepit,  a  scale ;  dendron,  a  tree).    A  genus  of  extinct 

plants,  so  named  from  the  scale-like  scan  upon  the  stem  left  by  the  falling 

off  of  the  leaves. 
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Lbpidoftera.  (Gr.  leptt,  a  scale  ;  pteron,  a  win^).  Ad  order  of  Ineeots,  com- 
prising Butterflies  and  Moths,  onaracterised  by  possessing  four  wings  which 
are  usually  covered  with  minute  scales. 

Lkpidota  (Gr.  Upit,  a  scale).  Formerly  applied  to  the  order  Dipnoi,  con- 
taining the  Mud-fishes  (Lepidotiren). 

TiEPTOCARDiA  (Gr.  UptoSf  slender,  small ;  cardia,  heart).  The  name  nven  by 
MUUer  to  the  order  of  Fishes  comprising  the  Lancelot,  now  called  I^haryn- 
gobranchvL 

LopHOPHORE  (Gr.  lophot,  a  crest ;  and  phero,  I  cany).  The  disc  or  stage 
upon  which  the  tentacles  of  the  Polyzoa  are  borne. 

LoPHYROPODA  (Gr.  lophourot,  having  stiff  hairs ;  and  podet,  feet).  A  section 
of  Crustacea. 

LORICATA  (Lat.  lorica,  a  cuirass).  The  division  of  Reptiles  comprising  the 
Chelonia  and  CrocodUia,  in  which  bony  plates  are  developed  m  the  skin 
(derma), 

LucBRNARiDA  (Lat.  Ivuxma,  t^  lamp).     An  order  of  the  Hydrotoa, 

LuiiBAR  (Lat  lumhutt  loin).     Connected  with  the  loins. 

Lunate  (Lat.  luna,  moon).    Crescentic  in  shape. 

LTCOPODiACEiB  (Gr.  lupos,  a  wolf ;  pout,  foot).  The  group  of  Cryptogamic 
plants  generally  known  as  "  Club-mosses." 

Maorura  (Gr.  makro»,  long ;  oura,  tail).  A  tribe  of  Decapod  Onutaceant  with 
long  tails  {e.g.,  the  Lobster,  Shrimp,  &c.) 

Maoreporiforh.  Perforated  with  small  holes,  like  a  coral ;  applied  to  the 
tubercle  by  which  the  ambulacral  system  of  the  Echinoderm*  mostly  com- 
mimicates  with  the  exterior. 

Malacostraca  (Gr.  malaJiot,  soft ;  ottraJton,  shell).  A  division  of  Cruttaeea. 
Originally  applied  by  Aristotle  to  the  entire  class  Onutacea,  because  their 
shells  were  softer  than  tbose  of  the  MoUutca, 

Mammalia  (Lat.  mamma,  the  breast).  The  class  of  Vertebrate  animals  which 
suckle  their  young. 

Mandible  (Lat.  mandibulum,  a  jaw).  The  upper  pair  of  jaws  in  Insects ; 
also  applied  to  one  of  the  pairs  of  iaws  in  Crust<icea  and  Spiders,  to  the  beak 
of  Cepbalopods,  the  lower  jaw  of  Vertebrates,  &c. 

Mantle.  The  external  integument  of  most  of  the  MoUusca,  which  is  laivelv 
developed,  and  forms  a  cloak  in  which  the  viscera  are  protected.  Techni- 
cally called  the  **  pallium." 

Manus  (Lai.  the  hand).    The  hand  of  the  higher  Vertebrates. 

Marsipobranchu  (Gr.  marsipos,  a  pouch  ;  hroffchia,  gill).  The  order  of 
Fidies  comprising  the  Hag-fishes  and  Lampreys,  with  pouch-like  gills. 

Marsupialia  (Lat.  marsupium,  a  pouch).  An  oraer  of  Mammals  in  which  the 
females  mostly  have  an  abdominal  pouch  in  which  the  young  are  carried. 

Masticatory  (Lat.  maslico,  I  chew).    Applied  to  parts  adapt^  for  chewing. 

Maxilla  (Lat.  jaws).  The  inferior  pair  or  pairs  of  jaws  In  the  Arthropwia 
(Insects,  Crustacea,  &c. )    The  upper  jaw-bonos  of  Vertebrates. 

Mazillipedeb  ^Lat.  maxUice,  jaws ;  ites,  the  foot).  The  limbs  in  Cruttaeea 
and  Myriapcaa  which  are  converted  into  masticatory  organs,  and  are  com- 
monly called  "  foot- jaws." 

Medulla  (Lat.  marrow).  Applied  to  the  marrow  of  bones  ;  or  to  the  spinal 
cord,  with  or  without  the  adjective  **tpinalis." 

Medus^b.  An  order  of  Hydrozoa,  commonly  known  as  Jelly-fishes  {Ditco- 
phora,  or  Acalepha),  so  called  beioause  of  the  resemblance  of  their  tentacles 
xo  the  snaky  hair  of  the  Medusa.  Many  Afeduta  are  now  known  to  be 
merely  the  gonophores  of  Hydrozoa. 

Merostomata  (Gr.  miron,  thifi^h ;  stoma,  mouth).  An  order  of  Crustacea  in 
which  the  appendages  which  are  placed  rouna  the  mouth,  and  which  offi- 
ciate as  jaws,  have  their  free  extremities  developed  into  walking  or  pre- 
hensile organs. 

Mbssnteries  (Gr.  mftos,  intermediate ;  enieron,  intestine).  In  a  restricted 
sense,  the  vertical  plates  which  divide  the  somatio  cavity  of  a  Sea-aoemoDe 
{Actinia)  into  chambers. 
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Mesofodium  (Or.  metoi,  middle ;  pous,  foot).  The  middle  portion  of  the 
•<foot"of  MoUuflcs. 

Mesostbrnum  (Gr.  maotf  intermediate  ;  ttemotif  the  breast-bone).  The 
middle  portion  of  the  sternum,  intervening  between  the  attachment  of  the 
second  pair  of  ribs  and  the  xiphoid  cartilage  (xiphuUmum). 

Mesothobax  (Gr.  meaoi;  and  thorax,  the  chest).  The  middle  ring  of  the 
thorax  in  Insects. 

Mesozoic  (Gr.  r/iuog  ;  and  zoe,  life).    The  Secondary  period  in  Geology. 

Mbtaoabpub  (Gr.  nuta,  after  ;  harpos,  the  wrist).  The  bones  which  form  the 
"root  of  the  hand^"*  and  intervene  between  the  wrist  and  the  finoners. 

Metamorphosis  (Gr.  meta,  implying  change ;  morpkef  shape).  The  changes 
of  form  which  certain  animals  undergo  in  passing  fh)m  their  younger  to 
their  f\illy-grown  condition. 

Metapodium  (Gr.  metaf  after ;  pout,  the  foot).  The  posterior  lobe  of  the  foot 
in  Molltuea  ;  often  called  the  **  operculigerous  lobe/'  because  it  develops 
the  operculum  when  this  structure  is  present. 

Metastoma  (Gr.  meta,  after ;  stoma,  mouth).  The  plate  which  doses  the 
mouth  posteriorly  in  the  Onut€Leea. 

Metatarsus  (Gr.  meta,  after ;  tartot,  the  instep).  The  bones  which  inter- 
vene between  the  bones  of  the  ankle  (tartus)  and  the  digits  in  the  hind-foot 
of  the  higher  Vertebrates. 

Metathorax  (Gr.  meta,  after ;  thorax,  the  chest).  The  posterior  ring  of  the 
thorax  in  Insects. 

Mimetic  (Gr.  mimdikot,  imitative).  Applied  to  organs  or  animals  which  re- 
semble each  other  in  external  appearance,  but  not  in  essential  structure. 

Molars  (Lat.  mola^  a  mill).  The  ''grinders"  in  man,  or  the  teeth  in  diphyo- 
dont  Mammals  which  are  not  preceded  by  milk-teeth. 

MoLLDSCA  (Lat.  mollis,  soft).  The  sub-kingdom  which  includes  the  Shell- 
fish proper,  the  Polyzoa,  the  Tunicala,  and  the  Iiamp-shells;  so  called  from 
the  generally  soft  nature  of  their  bodies.* 

MOLLUSCOIDA  (Mollusca;  Gr.  eidos,  form).  The  lower  division  of  the  Molltuoa, 
comprising  the  Polyzoa,  TutUcata,  and  Braehiopoda, 

MONODELPHIA  {Ortnionos,  single;  delphus,  womb).  The  division  of  Mammalia 
in  which  the  uterus  is  single. 

MoNOMTART  (Gr.  mo)ios,  single;  muon,  muscle).  Applied  to  those  bivalves 
{Lamellibranchiata)  in  which  the  shell  is  closed  by  a  single  adductor  muscle. 

MoNOPHTODONT  (Gr.  monos ;  phuo,  I  generate ;  odous,  tooth).  Applied  to 
those  Mammals  in  which  only  a  single  set  of  teeth  is  ever  developed. 

MoNOTHALAMOUS  (Gr.  monos ;  and  Ihalamos,  chamber).  Possesiung  only  a 
single  chamber.     Applied  to  the  shells  of  Foraminifera  and  Mollusca. 

Monotremata  (Gr.  monos ;  trema,  aperture).  The  order  of  Mammals  com- 
prising the  Duck-mole  and  Echidna,  in  which  the  intestinal  canal  opens 
into  a  "cloaca"  common  to  the  ducts  of  the  urinary  and  generative  organs. 

MULTILOCULAR  (Lat.  mvltus,  many;  loeulus,  a  little  purse).  Divided  into 
many  chambers. 

Multivalve.    Applied  to  shells  which  are  composed  of  many  pieces. 

MULTONQULA  (Lat.  multus,  many ;  ungula,  hoof).  The  division  of  Perisso- 
dactyle  Ungulates,  in  which  each  foot  has  more  than  a  single  hoof. 

Mtriapoda  or  Mtriopoda  (Gr.  murios,  ten  thousand ;  podes,  feet).  A  class 
of  A  rthropoda  comprising  the  Centipedes  and  their  allies,  characterised  by 
their  numerous  feet. 

Naorbous  (Fr.  nacre^  mother-of-pearl,  originally  Oriental.)    Pearly ;  of  the 

texture  of  mother-of-pearl. 
Natatores  (Lat.  nare,  to  swim).    The  order  of  the  Swimming  Birds. 
Natatory  (Lat.  nare,  to  swim).    Formed  for  swimming. 
Nautiloio.     Resembling  the  shell  of  the  Nautilus  in  shape. 
Nervures  (Lat.  nervus,  a  sinew).     The  ribs  which  support  the  membranous 
'  wings  of  insects. 

Neural  (Gr.  neuron,  a  nerve).    Connected  with  the  nervous  system. 
Nbubafophtsis  (Gr.  neuron,  a  nerve ;  apophusis,  a  projecting  part).    The 
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"  spinous  process  *'  of  a  yertebra,  or  the  process  formed  at  the  point  of 
junction  of  the  neural  arches. 

Neurofteba  (Gr.  neuron  ;  and  pteron,  a  wing).  An  order  of  Insects  charac- 
terised by  four  membranous  wings  with  numerous  reticulated  nervures 
(e.g,,  Dragon-flies). 

NooruRNAL  (Lat.  nox,  night).    Applied  to  animals  which  are  active  by  night. 

NoRHAL  (Lat.  narmaf  a  x^e).    Conforming  to  the  ordinary  standard. 

NoTOBRANOHlATA  (Or.  notos,  the  back;  and  bragchia,  giU).  Carrying  the 
gills  upon  the  back  ;  applied  to  a  division  of  the  Annelida, 

NoTOCHORD  (Gr.  noto8,  back  ;  chorcUf  string).  A  cellular  rod  which  is  devel- 
oped in  the  embryo  of  Vertebrates  immediately  beneath  the  spinal  cord, 
and  which  is  usually  replaced  in  the  adult  by  the  vertebral  column.  Often 
it  is  spoken  of  as  the  "  chorda  dorsalis." 

NUDIBBANOHIATA  (Lat.  nudut,  naked ;  and  Or.  bragchia,  gill).  An  order  of 
the  Oasteropoda  in  which  the  gills  are  naked. 

NuMHULiTES  (Lat.  nummw,  a  coin).  A  large  coin-shaped  Foraminifer  of  the 
Eocene  period. 

OcciprTAL.     Connected  with  the  occiput,  or  the  back  part  of  the  head. 
OCEANia    Applied  to  animals  which  inhabit  the  open  ocean  ( =  pelade). 
Ocelli  (Lat.  oiminutive  of  oculut,  eye).    The  simple  eyes  oif  many  Echino- 

derms,  Spiders,  Crustaceans,  Molluscs,  &;c 
OcTOPODA  (Or.  oelo,  eight ;  nous,  foot).    The  tribe  of  Cuttle-fishes  with  eight 

arms  attached  to  the  heacL 
Odontooeti  (Gr.  odous,  tooth;  idot,  whale).    The  ''toothed"  Whales,  in 

contnMlistinction  to  the  "  whalebone"  Whales. 
Odontoid  (Gr.  od<nu  ;  eidog,  form).    The  '*  odontoid  process  "  is  the  centrum 

or  body  of  the  first  cervical  vertebra  (atlas).    It  is  detached  from  the  atlas, 

and  is  usually  anchylosed  with  the  second  cervical  vertebra  (oxm),  and  it 

forms  the  pivot  upon  which  the  head  rotates. 
Odontophore  (Gr.  oeUnu,  tooth  ;  pkero,  I  carry).    The  so-called  "tongue," 

or  masticatory  apparatus  of  Oasteropoda,  Pteropoda,  and  Cephalopoda. 
CEbophaous.    The  gullet  or  tube  leaaing  from  the  mouth  to  the  stomach. 
Oligochjsta  (Gr.  oligos,  few  ;  chaiie,  hair).     An  order  of  Annelida,  compris- 
ing the  Earth-worms,  in  which  there  are  few  bristles. 
Omnivorous  (Lat.  omnia,  everything ;  voro,  I  devour).    Feeding  indiscrimiu- 

ately  upon  all  sorts  of  food. 
Operculata  (Lat.  operculuin,  a  lid).    A  division  of  pulmooate  Oeuteropoda, 

in  which  the  shell  is  closed  by  an  operculum. 
Operculum.    A  homy  or  shelly  plate  developed  in  certain  MoUueca  upon  the 

hinder  {Mirt  of  the  foot,  and  serving  to  close  the  aperture  of  the  shell  when 

the  animal  is  retracted  within  it ;  also  the  lid  of  tne  shell  of  a  Balanus  or 

Acorn-shell ;  also  the  chain  of  flat  bones  which  cover  the  gills  in  many 

fishes. 
Ophidia  (Gr.  ophis,  a  serpent).    The  order  of  Reptiles  comprising  the  Snakes. 
Ophidobatraohia  (Gr.  ophis;  bairaehos,  a  Arog).    Sometimes  applied  to  the 

order  of  Snake-like  Amphibians  comprising  uie  Ccecilia. 
Ophiomorpha  (Gr.  ophis  ;  moiphct  shape).    The  oider  of  Amphibia  oompris- 

iog  the  CascUiag, 
Ophiuroidea  (Gr.  ophis,  snake ;  oura,  tail ;  eidos,  form).  An  order  of  Echino- 

dermata,  comprising  the  Brittle-stars  and  Sand-stars. 
Opisthobranchiata  (Gr.  opisthen,  behind ;  bragchia,  ^).     A  division  of 

Gatteropoda  in  which  the  gills  are  placed  on  the  postenor  part  of  the  body. 
0pi8TH0C(EL0U8  (Gr.  opitthen,  behind ;  ioilos,  hollow).    Applied  to  vertebra, 

the  bodies  of  which  are  hollow  or  concave  oehind. 
Oral  (Lat.  os,  mouth).  Connected  with  the  mouth. 
Ornithodelphia  (Gr.  omis.  a  bird ;  delphus,  womb).    The  primary  division 

of  Mammals  comprising  tne  Monotremata. 
Ornithobcklida  (Gr.  omis,  bird ;  stelos,  leg).    Applied  by  Huxley  to  the 

Deinosauriao  Reptiles,  together  with  we  genus  Compsognathus,  on  account 

of  the  bird-like  cnaraoter  of  their  hind-limbs. 

2  O 
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Orthockbattdji  (6r.  orthot,  rtraight ;  ieroi,  horn).    A  family  of  the  Nau- 

tUidcgf  in  whioh  the  shell  is  straight,  or  nearly  so. 
Obthopteka  (6r.  orthos,  straight ;  pteron,  wing).    An  order  of  Insects. 
OssicuLA  (Lat.  diminutive  of  os,  IJone).    literally  small  bones.    Often  naed 

to  desi^ate  any  hard  structures  of  small  size,  such  as  the  calcareous  plates 

in  the  mtegument  of  the  Star-flshes. 
OsTRAOODA  (Gr.  ottraion,  a  shell).    An  order  of  small  Cnistaceans  which  are 

enclosed  in  bivalve  shells. 
Otoliths  (Gr.  otu,  ear ;  and  lithoi,  stone).    The  calcareous  bodies  connected 

with  the  sense  of  hearing,  even  in  its  most  rudimentary  form. 
OvABiAH  Vesioles  or  Capsules.    The  generative  buds  of  the  Seriulariila, 

Pachtdebmata  (Gr.  pcLchus,  thick ;  derma,  skin).  An  old  Mammalian  order 
constituted  by  Cuvier  for  the  reception  of  the  Rhinoceros,  Hippopotamus, 
Elephant,  &o. 

PALiBONTOLOGT  (Gr.  poloiot,  auclent ;  and  logot,  discourse).  The  sdenoe  of 
fossil  remains  or  of  extinct  organised  beings. 

PALAOTHBRiDiB  (Gr.  pcdavM,  andent ;  iher,  beast).  A  group  of  Tertiary 
Ungulates. 

Paljbozoio  (Gr.  valaiot,  ancient ;  and  zoe^  life).  Applied  to  the  oldest  of  the 
great  geological  epochs. 

Palliobranohiata  (Lat.  pallium  ;  and  Gr.  broffdkia,  gill).  An  old  name  for 
the  BracfUopoda,  founded  upon  the  belief  that  the  system  of  tubes  in  the 
mantle  constituted  the  gills. 

Pallium  (Lat.  paUium,  a  cloak).  The  mantle  of  the  JHollutea.  PalluU  : 
relating  to  the  mantle.  PaXlial  line  or  imnrestitm  :  the  line  left  in  the  dead 
shell  by  the  muscular  margin  of  the  mantle.  Pallial  shell ;  a  shell  whioh  is 
secreted  by,  or  contained  within,  the  mantle,  such  as  the  "  bone  **  of  the 
Cuttle-ilshes. 

Palpi  (Lat.  palpo,  I  touch).  Processes  supposed  to  be  organs  of  touch, 
developed  from  certain  of  the  oral  appendages  in  Insects,  Spiders,  and  Cms- 
taoea,  and  from  the  sides  of  the  mouth  in  the  Acephalous  Molluscs. 

Papilla  (Lat.  for  nipple).  A  minute  soft  prominence. 

Parapodia  (Gr.  para,  beside ;  podet,  feet).  The  unarticulated  lateral  loco- 
motive processes  or  *'  foot-tuoerdes  "  of  many  of  the  Annelida. 

Parietal  (Lat.  paries,  a  wall).  Connected  with  the  walls  of  a  cavity  or  of 
the  body. 

Patagium  (Lat.  the  border  of  a  dress).  Applied  to  the  expansion  of  the  in- 
tegument by  which  Bats,  Flying  Squirrels,  and  other  animals  support  them- 
selves in  the  air. 

Patella.  The  knee-cap  or  knee-pan.  A  sesamoid  bone  developed  in  the 
tendon  of  insertion  or  the  great  extensor  muscles  of  the  thigh. 

Pectinate  (Lat.  pecten,  a  comb).  Comb-like ;  applied  to  the  gills  of  certain 
Oatieropods,  hence  OGtlled  Pectinibranchiaia, 

Pectoral  (Lat.  peetw,  chest).    Connected  with,  or  placed  upon,  the  chest. 

Pedal  (Lat.  pes,  the  foot).    Connected  with  the  foot  of  MoUntea, 

PsDiCELLARiiB  (Lat.  pedicellus,  a  louse).  Certain  singular  appendages  found 
in  many  Echinaderms,  attached  to  the  surface  of  the  body,  and  resembling^ 
a  little  beak  or  forceps  supported  on  a  stalk. 

Pedicle  (Lat.  dim.  of  pes,  the  foot).    A  little  stem. 

Pedipalpi  (Lat.  ^ei,  foot ;  and  palpo,  I  feel).  An  order  of  AraAnida  com- 
prising the  SoorpioDS,  &c 

Peduncle  (Lat.  peduncnlus,  a  stem  or  stalk).  In  a  restricted  sense  applied 
to  the  muscular  process  bv  which  certain  Brachiopods  are  attached,  and 
to  the  stem  which  bears  the  body  (capitulum)  in  Barnacles. 

Pedunculate.    Possessing  a  peduncle. 

Pelagic  (Gr.  pelagos,  sea).    Inhabiting  the  open  ocean. 

Pelvis  (Lat.  for  basin).  Applied,  from  analogy,  to  the  basal  portion  of  the 
cup  (calyx)  of  Crinoids.  The  bony  arch  with  whioh  the  hind-limbe  are 
oonoected  in  Vertebrates. 

Perennibranchiata  (Lat.  pereruUs,  perpetual ;  Gr.  broffMi,  gill).    Applied  to 
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those  Ampkibia  in  which  the  gills  are  permaneDtly  retained  throoghout 

life. 
Peboambntaobous  (Lat.  pergamena,  parchment).  Of  the  texture  of  parohmeot. 
Periostracum  (Gr.  perif  around ;  and  ottraJkon,  shell).    The  layer  of  epidermis 

which  oovers  the  shell  in  most  of  the  MoUuko, 
Perisome  (Or.  V^;  and  joma,  body).    The  coriaceous  or  calcareous  integu- 
ment of  the  Echinodennata, 
Peribsodacttla  (Or.  peris$ot,  uneven;  dahnlot,  fioffer).    Applied  to  those 

Hoofed  Quadrupeds  (UnguUUa)  in  which  the  feet  naye  an  uneven  number 

of  toes. 
Pbtaloid.    Shaped  like  the  petal  of  a  flower. 
Phalanges  (Or.  pKatanx,  a  row).    The  small  bones  eomposing  the  digits  of 

the  higher  VertebrtUa.    Normally  each  digit  has  three  plialaogee. 
Phanbrooahb  (Or.  phanerot,  visible ;  ffomot,  marriage).    Plants  which  have 

the  organs  of  reproduction  conspicuous,  and  which  bear  true  flowers. 
Pharynuobranchii  (Or.  vkarugx,  pharynx;  bragekia,  gill).    The  order  of 

Fishes  comprising  only  tne  Lancelet. 
Pharynx.    The  diUted  commencement  of  the  cuUet. 
Phraomaoonb  (Or.  phroffma,  a  partition ;  and  ioTiat,  a  oone).  The  chambered 

portion  of  the  internal  shell  of  a  BeUnuiite. 
Phtlactolamata  (Or.  phulauo,  I  guard  ;  and  laimoi,  throat).    The  division 

of  Polyzoa  in  which  the  mouth  is  provided  with  the  arched  valvular  process 

known  as  the  **  epistome." 
Phtllopoda  (QtT.wiiUlcn,  leaf ;  and  vout,  foot).    An  order  of  Cnuiaoea. 
Phtsophoridji  (dr.  phutti,  air-Uadaer ;  and  phero,  I  carry).    An  order  of 

Oceanic  Hydrozoa. 
Phttoid  (Or.  phuton,  a  plant ;  and  eidot,  form).    Plant-like. 
Phytophagous  (Or.  phut<m,  a  plant ;  and  pnago,  I  eat).    Plant-eating,  or 

herbivorous. 
PiNNATB  (Lat.  pinna,  a  feather).    Feather-shaped ;  or  possessing  lateral  pro- 


PlNNiGRADA  (Lat.  pinna,  a  feather ;  gradior,  I  walk).    The  group  of  Cami- 

vora,  comprising  the  Seals  and  Walruses,  adapted  for  an  aquatic  life.  Often 

called  Pinnipeaia. 
PiVNULJB  (Lat.  dim.  of  pinna).    The  lateral  processes  of  the  arms  of  Crinoidi, 
Pisces  (Lat.  piteit,  a  flsb).    The  class  of  Vertebrates  comprising  the  Fishes. 
Placenta  (Lat.  a  cake).    The  **  after-birth,"  or  the  organ  by  which  a  vascu- 
lar connection  is  established  in  the  higher  Mammalia  between  the  mother 

and  the  foetus. 
Placental.    Possessing  a  placenta ;  or  connected  with  the  placenta. 
Plaooid  (Or.  plax,  a  plate;  eido*,  form).    Applied  to  the  irregular  bony 

plates,  grains,  or  spmes  which  are  found  m  the  skin  of  various  fishes 

{Klatn^branehii). 
Plaoiostomi  (Or.  plagios,  transverse ;  stoma,  month).    The  Sharks  and  Rays, 

in  which  the  mouth  is  transverse,  and  is  placed  on  the  under  surface  of  the 

beafl. 
Plantigrade  (Lat  planta,  the  sole  ef  the  foot ;  gradior,  I  walk).    Applying 

the  sole  of  the  foot  to  the  ground  in  walking. 
Plastron.    The  lower  or  ventral  portion  of  Uie  bony  case  of  the  Chelonians. 
Platyrhina  (Or.  platut,  broad ;  rhines,  nostrils).    A  group  of  the  Quadrumana, 
Pleurodont  (Or.  pUuron,  rib,  side ;  odont,  tooth).     Having  the  teeth  anchy- 

losed  with  the  inner  side  of  the  jaws. 
Plburon  (Or.  pUuron,  a  rib).    The  lateral  extensions  of  the  shell  of  Cruttaeea, 
Pneukatic  (Or.  pneuma,  air).    Filled  with  air. 
Podophthaucata  (Or.  poiu,  foot;  and  cpkikaimos,  eye).    The  division  of 

Crustacea  in  which  the  eyes  are  borne  at  the  end  of  long  footstalks. 
PoLLBX  (Lat.  the  thumb).    The  innermost  of  the  five  normal  digits  of  the 

anterior  limb  of  the  higher  Vertebrates.    In  man,  the  thumb. 
POLYOYSTINA  (Or.  polus,  many ;  and  hutit,  a  cyst).    An  order  of  Protozoa, 

with  fornminated  siliceous  shells. 
POLYPART.    The  hard  chitinous  covering  secreted  by  many  of  the  Hydrozoa. 
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PoLTFE  (Gr.  polut,  many ;  pout,  foot).  Restricted  to  the  single  individual  of 
a  simple  A  dinozoSn^  such  as  a  Sea-anemone,  or  to  the  separate  sooids  of  a 
compound  ActinozoOn.  Often  applied  indiscriminately  to  any  of  the  OBlen- 
terata,  or  even  to  the  Polyzoa. 

POLTPIDE.     The  separate  zotiid  of  a  PolifzoSn. 

PoLTFiDOM.     The  dermal  system  of  a  colony  of  a  Hydroiodny  or  PolyzoOn. 

FOLTPITE.    The  separate  zo5id  of  a  Hvdrozoihi, 

PoLYTHALAMons  (Gr.  polta  :  and  tkalamag,  chamber).  Having  many  cham- 
bers ;  applied  to  the  shells  of  F<MramiHi/era  and  Cephalopoda^ 

PoLTZOA  (Gr.  polut;  and  zo&n,  animal).  A  division  of  the  Molluicoida  com- 
prising compound  animals  such  as  the  Sea-mat— sometimes  called  Biyozoa. 

PoLTXOARiUM.    The  dermal  system  of  the  colony  of  a  Polyzo&n,  (=  Polypidom). 

PORCELLANOUS.     Of  the  texture  of  porcelain. 

PoRiFERA  (Lat.  popu,  a  pore ;  eoid/ero,  I  carry).  Sometimes  used  to  desig- 
nate the  Foraminiferaf  or  the  Sponges. 

Post-anal.    Situated  behind  the  anus. 

Po6T-(E80PHAOEAL.    Situated  behind  the  gullet. 

Post-oral.    Situated  behind  the  mouth. 

PR^MAXiLLiB — gee  IntermaxillsB. 

PRiBM0LAR9(LAt.  jTTcr,  before;  mo/are«,  the  grinders).  The  molar  teeth  of 
Mammals  which  succeed  the  molars  of  the  milk-set  of  teeth.  In  man,  the 
bicuspid  teeth. 

PRA-OBSOPHAGEAL.    Situated  in  front  of  the  gullet 

Prjb-stbrnum.  The  anterior  portion  of  the  breast-bone,  corresponding  with 
the  manubrium  sterni  of  human  anatomy,  and  extending  as  far  as  the  point 
of  articulation  of  the  second  rib. 

Proboscidea  (Lat.  probotcit,  the  snout).  The  order  of  Mammals  comprising 
the  Elephants. 

Proccbloub  (Gr.  pro,  before ;  koilot,  hollow).  Applied  to  vertebnB,  the  bodies 
of  which  are  hollow  or  concave  in  front. 

Propodium  (Gr.  pro,  before  ;  pons,  foot).  The  anterior  part  of  the  foot  in 
MoUuRcs. 

Prosobranchiata  (Gr.  proton,  in  advance  of ;  hragckia,  a  gill).  A  division 
of  Gasteropodous  Molluscs  in  which  the  gills  are  situated  in  advance  of  the 
heart. 

Prosoma  (Gr.  pro,  before ;  »oma,  body).    The  anterior  part  of  the  body. 

PROTHORAZ  (Gr.  pro  ;  and  thorax,  chest).  The  anterior  ring  of  the  thorax  of 
insects. 

Protophtta  (Gr.  protot ;  and  phviom,  plant).    The  lowest  division  of  plants. 

Protoplasm  {^r.pnAm  ;  and  pkuto,  I  mould).  The  elementary  basis  of  or- 
ganised tissues.  Sometimes  used  synonymously  for  the  <'sansode"  of  the 
Pi'otozoa. 

Protopodite  (Gr.  protot,  first ;  and  pout,  foot).  The  basal  segment  of  the 
typical  limb  of  a  CrutUiuxan.  * 

Protozoa  (Gr.  protot;  and  zodn,  animal).  The  lowest  division  of  the  animal 
kingdom. 

Proximal  (Lat.  proximut,  next).  The  slowly-growing,  comparatively-fixed 
extremity  of  a  limb  or  of  an  organism. 

PSEUDOPODIA  (Gr.  pteudot,  falsity ;  and  pout,  foot).  The  extensions  of  the 
body-substance  which  are  put  forth  by  the  Rhizopoda  at  will,  and  which 
serve  for  locomotion  and  prehension. 

Pteropoda  (Gr.  pteron,  wing  ;  and  pout,  foot).    A  class  of  the  Mollutca  which 

swim  by  means  of  fins  attached  near  the  head. 
Pterosaurla  (Gr.  pteron,  wing ;  taura,  lizard).  An  extinct  order  of  Reptiles. 
Pubis  (Lat.  puhet,  nair).    The  share-bone ;  one  of  the  bones  which  enter  into 

the  composition  of  the  pelvic  arch  of  Vertebrates. 
Pulmooasteropoda  (=Pulmonifera). 

PULMONARIA.    A  division  of  Arachnida  which  breathe  by  means  of  pulmo- 
nary sacs. 
PuLMONiFERA  (Lat.  pulm.0,  a  lung ;  KoAfero,  I  carry).    The  divisioa  of  Md" 
lutca  which  breathe  by  means  of  a  pulmonary  chamber. 
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PuLUONATB.    Possessing  lungs. 

Pyriform  (Lat.  pyru»,  a  pear ;  and /orma,  form).    Pear-shaped. 

QuADRUitANA  (Lat.  quatitoTf  four;  matiut,  hand).  The  order  of  Mammals 
comprising  the  Apes,  Monkeys,  Baboons,  Lemurs,  &c. 

Radiata  (Lat.  radius,  a  ray).  Formerly  applied  to  a  large  number  of  animals 
which  are  now  placed  in  separate  sub-kingdoms  {e.g.,  the  CoelerUerata,  the 
Echinodermaia,  the  InfvMrxa,  &o.) 

Radiolaria  (Lat.  radius,  a  ray).    A  division  of  Protozoa. 

Radius  (Lat.  a  spoke  or  ray).  The  innermost  of  the  two  bones  of  the  fore- 
arm of  the  higher  Vertebrates.  It  carries  the  thumb,  when  present,  and 
corresponds  with  the  tibia  of  the  hind-limb. 

Ramus  (Lat.  a  branch).  Applied  to  each  half  or  branch  of  the  lower  jaw,  or 
mandible,  of  Vertebrates. 

Raptores  (Lat.  rapto,  I  plunder).    The  order  of  the  Birds  of  Prey. 

Rasores  (Lat.  raao,  I  scratch).  The  order  of  the  Scratching  Birds  (Fowls, 
Pigeons,  &c.) 

RATiTiE  (Lat.  i-ateSf  a  raft).  Applied  by  Huxley  to  the  Cursorial  Birds,  which 
do  not  fly,  and  have  therefore  a  raft-like  sternum  without  any  median 
keel. 

Rectum  (Lat.  redtu,  straight).  The  terminal  portion  of  the  intestinal  canal, 
opening  at  the  surface  of  the  body  at  the  anus. 

Reptilia  (Lat.  r^Oo,  I  crawl).  The  class  of  the  VerUbrala  comprising  the 
Tortoises,  Snakes,  Lizards,  Crocodiles,  &c. 

Reyersid.  Applied  to  spiral  univalves,  in  which  the  direction  of  the  spiral 
is  the  reverse  of  the  normal — i.e.,  tinulral. 

RmzoPHAOA  (Gr.  rhiea,  root ;  phago,  I  eat).     A  group  of  the  Marsupials. 

Rhizopoda  (Gr.  rhita,  a  root ;  and  poms,  foot).  The  division  of  Protozoa  com- 
prising all  those  which  are  capable  of  emitting  pseudopodia. 

Rhtnohoutbs  (Gr.  rhunchos,  beak ;  and  lilhot,  stone).    Beak-shaped  fossils 
consisting  of  the  mandibles  of  Cephalopoda. 

RODENTIA  (Lat.  rodo,  I  gnaw).  An  order  of  the  Mammals;  often  called  Olires 
(Lat.  glis,  a  dormouse). 

RuoosA  (Lot.  ruffosug,  wrinkled).    An  order  of  Corals. 

RUMINANTIA  (Lat.  ruminor,  I  chew  the  cud).  The  group  of  Hoofed  Quadru- 
peds {UnQuUUa)  which  "  ruminate "  or  chew  the  cud. 

Sacrum.  The  vertebro  (usually  anchylosed)  which  imite  with  the  haunch- 
bones  (ilia)  to  form  the  pelvis. 

Sand-canal  (=  Stone-canal).  The  tube  by  which  water  is  conveyed  from 
the  exterior  to  the  ambulacral  system  of  the  Echinodermaia. 

Sarcode  (Gr.  tarx,  flesh ;  eidot,  form).  The  jelly-like  substance  of  which 
the  bodies  of  the  Protozoa  are  composed.  It  is  an  albuminous  body  contain- 
ing oil-granules,  and  is  sometimes  called  "  animal  protoplasm.'* 

Sarcoids  (Gr.  sarx;  and  eidos,  form).  The  separate  amoebiform  particles 
which  in  the  aggregate  make  up  the  "  flesh  "  of  a  Sponge. 

Sauria  (Gr.  taura,  a  lizard).  Any  lizard-like  Reptile  is  often  spoken  of  as  a 
"  Saurian  ;  "  but  the  term  is  sometimes  restricted  to  the  Crocodiles  alone, 
or  to  the  Crocodiles  and  Lacertilians. 

SaURObatraCHIA  (Gr.  saura;  bairachos,  frog).  Sometimes  applied  to  the 
order  of  the  tailed  Amphibians  {Urodela). 

Sauropsida  (Gr.  aaura  ;  and  opsis,  appearance).  The  name  given  by  Huxley 
to  the  two  classes  of  the  Birds  and  Reptiles  collectively. 

Sauroftertoia  (Gr.  aaura;  pterux,  wing).  An  extinct  order  of  Reptiles, 
called  by  Huxley  Piesiogauria.  from  the  typical  genus  Plesiosaurut. 

Saururs  (Gr.  taura;  oura,  tail).  The  extinct  order  of  Birds  comprising 
only  the  Arehaopteryx. 

Scansores  (Lat.  tcarulo,  I  climb).  The  order  of  the  Climbing  Birds  (Parrots, 
Woodpeckers,  &c.) 

Scapula  (Lat.  for  shoulder-blade).    The  shoulder-blade  of  the  pectoral  arch 
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of  Vertebrates ;  in  a  restrioted  aense,  the  row  of  platea  in  the  eup  of 
Crinaids^  whioh  give  origin  to  the  arms,  and  are  nscuuly  called  the  "  azU- 
lary  radials." 

SCLBRENOHTUA  (Gr.  itUros,  hard;  and  enekuma,  tissue).  The  calcareous 
tissue  of  which  a  coral  is  composed. 

SCLEROBASIO  (Gr.  thUroSf  hard ;  hatit,  pedestal).  The  coral  which  is  pro- 
duced by  the  outer  saiface  of  the  integument  in  certain  Advnazoa  (e.0.. 
Red  Conl),  and  forms  a  solid  aads  which  is  iDYSsted  by  the  soft  parts  of  the 
animal.    It  is  called  "  foot-secretion  "  by  Mr  Dana. 

SOLERODERMTO  (Gr.  Meroi  ;  and  dm-ma,  skin).  Applied  to  the  corallum  which 
is  deposited  within  the  tissues  of  certain  ActiMuoa,  and  is  called  "  tissue- 
secretion"  by  Mr  Dana. 

Sclerotic  (Gr.  tkUrot,  hard).    The  outer  dense  fibrous  coat  of  the  eye. 

ScOLECiDA  (Gr.  tkollx,  worm).    A  division  of  the  Annuloida. 

Scuta  (Lat.  scutum,  a  shield).  Applied  to  any  shield-like  plates ;  espedally 
to  those  which  are  developed  in  the  integument  of  many  Reptiles. 

Selachia  or  SELAOHn  (Gr.  telcbchos,  a  cartila^nous  fish,  probably  a  shark). 
The  sub-order  of  Elatmobrafichii  comprising  the  Sharks  and  Dog-fishes. 

Sepiostaibe.  The  internal  shell  of  the  Sepia,  commonly  known  as  the 
"cuttle-bone." 

Septa.    Partitions. 

Serpentiform.    Resembling  a  serpent  in  shape. 

Sertularida  (Lat  sertum,  a  wreath).    An  order  of  Bydrozocu 

Sessile  (Lat.  iedo,  I  sit).  Not  supported  upon  a  stalk  or  peduncle ;  attached 
by  a  base. 

SsTiB  (Lat.  bristles).    Bristles  or  long  stiff  hairs. 

Sbtiferous.    Supporting  bristles. 

Setigeroub  (^Setifeious). 

Setose.    Bristly. 

SioiLLARioiDS  (Lat.  tiffiUa,  little  images).  A  group  of  extinct  plants  of  which 
Sigillaria  is  ihe  type^  so  called  from  the  seal-like  markings  on  the  bark. 

SiucEOUS  (Lat.  aiUx,  fiint).    Composed  of  flint 

Sinistral  (Lat.  Hnittra,  the  left  hand).  Left-banded ;  applied  to  the  direc- 
tion of  the  spiral  in  certain  shells,  which  are  said  to  be  "  reyersed." 

Siphon  (Gr.  aphon,  a  tube).  Applied  to  the  respiratory  tubes  in  the  Mol- 
luKa  :  also  to  other  tubes  of  dinerent  functions. 

SiPHONOPHORA  (Gr.  npkon  ;  and  nA«yio,  I  carry).  A  division  of  the  Hydrozoa 
comprising  the  Oceanic  forms  {Calycophondce  and  Pkytophoridce). 

Siphonostomata  (Gr.  nph4m ;  and  ttoma,  mouth).  The  division  of  OastertH 
podout  MolluKs,  in  which  the  aperture  of  the  shell  is  not  "  entire,"  but 
possesses  a  notch  or  tube  for  the  emission  of  the  respiratoiy  siphon. 

SiPHUNCLB  (lAt  aiphunculut,  a  little  tube).  The  tuoe  which  connects  to- 
gether the  various  chambers  of  the  shell  of  certain  Cephalopoda  {e^g.,  the 
Pearly  Nautilus). 

SiPUNOULOiDEA  (Lat  nphuneului,  a  littie  siphon).     A  class  of  Anarthropodn 

,  {Annulo$a). 

SiRENiA  (Gr.  teiren,  a  mermaid).  The  order  of  Mammalia  comprising  the 
Dugongs  and  Manatees. 

SOLIDUNOULA  (Lat.  soliduSf  solid ;  unffula,  a  hoof).  The  ^up  of  Hoofed 
Quadrupeds  comprising  the  Horse.  Ass,  and  Zebra,  in  which  each  foot  has 
only  a  single  solid  hoof.    Often  c^led  Solipedia, 

Souatic  (Gr.  toma,  body).    Connected  with  the  body. 

Somite  (Gr.  toma).    A  single  segment  in  the  body  of  an  Articulate  animal. 

Spermatozoa  (Gr.  tperma,  seed ;  and  zoon,  animal).  The  microscopic  fila- 
ments which  form  the  essential  generative  element  of  the  male. 

Spicula  (Lat.  spiculumt  a  point).     Pointed  needle-shaped  bodies. 

Spiracles  (Lat.  spiro,  I  breathe).  The  breathing-pores,  or  apertures  of  the 
breathing-tubes  (trachese)  of  Insects.  Also  the  single  nostril  of  the  Hag- 
fishes,  the  ''  blow-hole  "  of  Cetaceans,  &c. 

Splanchnoskeleton  (Gr.  tpla^na^  viscera ;  aheleloi,  dry).  The  hard  struc- 
tures occasionally  developed  m  connection  with  the  internal  organs  or  visoera. 
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Sfongi-particles— fM  Sarooidt. 

Sfonoida  (Gr.  tpoggat,  a  aspouge),    Hie  division  of  Protozoa  oommonly  known 

as  sponges. 
Squamata  (Lat.  tquama,  a  scale).    The  division  of  Reptiles  comprising  the 

Ophidia  and  Laotrtilia,  in  which  the  integument  deyelops  homy  scales,  but 

there  are  no  d.ermal  ossifications. 
Stbllerida  (Lat.  ttelia,  star).    Sometimes  employed  to  designate  the  order  of 

the  Star-fishes. 
Stelliform.    Star-shaped. 
Sternum  (Gr.  ttemon).    The  breast-bone. 
Stolon  (Gr.  itolos,  a  sending  forth).    Offiihoots.    The  connecting  processes 

of  saroode,  in  Faraminifera  ;  the  oonneoting  tube  in  the  social  Atcidiant; 

the  processes  sent  out  by  the  coenosaro  of  certain  ^cftnoeoo. 
Stomafoda  (Gr.  stoma,  mouth ;  pout,  foot).    An  order  of  Crustttcea. 
Stomatode  (Gr.  stoma).    Possessing  a  mouth.    The  Infitsoria  are  thus  often 

called  the  Stomatode  Protozoa. 
Strspsiftbra  (Gr.  strepho,  I  twist ;  and  pteron^  win^).    An  order  of  Insects 

in  which  the  anterior  wings  are  represented  oy  twisted  rudiments. 
Strepbirhina  (Gr.  strepho,  I  twist ;  rkines,  nostrils).    A  group  of  the  Quad- 

rumana,  often  spoken  of  as  Prosimioe. 
Sttuform  (Lat.  stylus,  a  pointed  instrument;  forma,  form).     Pointed  in 

shape. 
Sub-calcareous.    Somewhat  calcareous. 
Sub-central.    Nearly  central,  but  not  quite. 
Sub-pedunculate.    Supported  upon  a  very  short  stem. 
Sub-sessile.    Nearly  sessile,  or  without  a  stidk. 
Suture  (Lat.  sua,  1  sew).     The  line  of  junction  of  two  parts  which  are 

immovably  connected  together.    Applied  to  the  line  where  the  whorls 

of  a  univalve  shell  join  one  another ;   also  to  the  Unee  made  upon  the 

exterior  of  the  shell  of  a  chambered  Cephalopod  by  the  margins  of  the 

septa. 
Swimmerets.    The  limbs  of  Cr^u^aeta,  which  are  adai>ted  for  swimming. 
Sthphtsib  (Gr.  sumphntis,  a  growing  together).    Union  of  two  bones  in 

which  there  is  no  motion  or  but  a  very  limited  amount. 
Stnapticulb  (Gr.  sunapto,  I  fiiuiten  together).    Transverse  props  sometimoB 

found  in  CondSi  extending  across  the  loouli  like  the  bars  of  a  grate. 

Tabula  (Lat.  tabula,  a  tablet).    Horixontal  plates  or  floors  found  in  some 

Corals,  extending  across  the  cavity  of  the  "  theca  "  ftt>m  side  to  side. 
Tactile  (LiSt.  tan^o,  1  touch).    Connected  with  the  sense  of  touch. 
Tarso-metatarsus.    The  single  bone  in  the  leg  of  Birds  produced  bv  the 

union  and  anchylosis  of  the  lower  or  distal  portion  of  the  tarsus  with  the 

whole  of  the  metatarsus. 
Tarsus  (Gr.  tartot,  the  flat  of  the  foot).    The  small  bones  which  fonn  tho 

ankle  (or  "instep"  of  man),  and  which  correspond  with  the  wrist  (carptu) 

of  the  anterior  limbu 
Tectibrancbiata  (Lat.  teetus,  covered ;  and  Gr.  braochia,  gills).    A  division 

of  Opisthobranehtate  Oatteropoda  in  which  the  gills  are  protected  by  the 

mantle. 
Teoumentart  (Lat.  tegummtwm,  a  covering).    Connected  with  the  integu- 
ment or  sidn. 
Teleobtei  (Gr.  teleios,  perfect ;  osteon,  bone).  The  order  of  the  "  Bony  Fishes." 
Telson  (Gr.  telson,  a  limit).    The  last  joint  in  the  abdomen  of  Crustacea ; 

variously  regarded  as  a  segment  without  appendages,  or  as  an  azygous 

appendage. 
Terqum  (I^t.  for  back).    The  dorsal  arc  of  the  somite  of  an  Arthropod. 
Terricola  (Lat.  terra,  earth ;  and  eolo,  I  inhabit).    Employed  occasionally 

to  designate  the  Earth-worms  {Lumbricidoe), 
Test  (Lat.  testa,  shell).    The  shell  of  Mollusca,  which  are  for  this  reason 

sometimes  called  "  Testaeea ;  "  also,  the  calcareous  case  of  Ediinodtrms ; 

also,  the  thick,  leathery,  outer  tunic  in  the  TunioaXa, 
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TEBTAC10I78.    Pkx>Tided  with  a  shell  or  hmrd  coveriiv. 

Tetbabbanchiata  (Gr.  Ulra,  four ;  bra^ia,  gill).  The  order  of  CepialvpodA 
ebancieri»ed  by  the  possession  of  four  gill& 

Thalassicoluda  (Gr.  thaUuaa,  sea ;  kollaj  glue).     A  dirision  of  Prataaoa. 

Theca  (Gr.  tiuke,  a  sheath).     A  sheath  or  receptacle. 

Thecosomata  (Gr.  thtke ;  and  joimz,  bodj).  A  division  of  PUropodoms 
Molluaesj  in  whfch  the  body  is  protected  by  an  external  shelL 

Thebiomorpha  (Gr.  (A^r,  be&st ;  morphty  shape).  Applied  by  Oweo  to  the 
order  of  the  Tail-less  AmphiblaDs  (Anoura). 

Thorax  (Gr.  a  breaitplate).    The  chest 

Tibia  (Lat.  a  flute).  The  shin-bone,  being  the  innermoet  of  the  two  bones  of 
the  leg,  and  corresponding  with  the  radius  in  the  anterior  extremity. 

TonPALUATJS  (Lat.  iotutf  whole;  palma,  the  palm  of  the  hand).  A  group 
of  WadiDg  Birds  in  which  the  hallux  is  united  to  the  other  toes  by  mem- 
brane, so  that  the  feet  are  completely  webbed. 

Trachea  (Gr  trackeiay  the  rough  windpipe).  The  tube  which  oonyeya  air 
to  the  lungs  in  the  air-breathing  Yerteorates. 

Tbachejb.     The  breathing-tubes  of  Insects  and  other  articulate  animals. 

Tbachearia.  The  division  of  Arwhnida  which  breathe  by  means  of  tra- 
cheee. 

Trilobita  (Gr.  treitf  three ;  IchoSy  a  lobe).     An  extinct  order  of  CrvMaceant. 

Trochanter  (Gr.  trecho,!  turn).  A  process  of  the  upper  part  of  the  thigh- 
bone {femur)  to  which  are  attached  the  muscles  which  rotate  the  limb. 
There  may  be  two,  or  even  three,  trochanters  present. 

Tbochoid  (Gr.  troches,  a  wheel ;  and  eidos,  form).  C!onical  with  a  flat  base ; 
applied  to  the  shells  of  Foramini/era  and  Univalve  Molluscs, 

Trofhi  (Gr.  tropkoSf  a  nourisher).  The  parts  of  the  mouth  in  insects  which 
are  concerned  in  the  acquisition  and  preparation  of  food.  Often  c&Ued 
'MnFtrumenta  cibaria." 

Trophosome  (Gr.  trephOf  I  nourish  ;  and  soma,  body).  Applied  collectively 
to  the  assemblage  of  the  nutritive  zooids  of  any  Hydrozo6n, 

Truncated  (Lat.  irunco,  I  shorten).  Abruptly  cut  off;  applied  to  univalve 
shells,  the  apex  of  which  breaks  off,  so  that  the  shell  becomes  "decol- 
lated." 

Tdbicola  (Lat.  tuia^  a  tube ;  and  colo,  I  inhabit).  The  order  of  Annelida 
which  construct  a  tubular  case  in  which  they  protect  themselves. 

Tubicolous.     Inhabiting  a  tube. 

TuNiCATA  (Lat.  tunica,  a  cloak).  A  class  of  Mollusooida  which  are  enveloped 
in  a  tough  leathery  case  or  "test." 

Turbinated  (Lat.  turbo,  a  top).    Top-shaped  ;  conical  with  a  round  base. 

Ulna  (Gr.  olene,  the  elbow).  The  outermost  of  the  two  bones  of  the  fore- 
arm, correspondiog  with  the^&u/a  of  the  hind-limb. 

UuBELLATE  (Lat.  umbslla,  a  parasol).  Forming  an  umbel — t.e.,  a  number  of 
nearly  equal  radii  all  proceeding  from  one  point. 

Umbilicus  (Lat.  for  navel).  The  aperture  seen  at  the  base  of  the  axis  of 
certain  univalve  shells,  which  are  then  said  to  be  "perforated"  or  "  urn- 
bilicated." 

Umbo  (Lat.  the  boss  of  a  shield).    The  beak  of  a  bivalve  shell. 

Umbrella.    The  contractile  disc  of  one  of  the  Luoemarida. 

Uncinate  (Lat.  uncinus,  a  hook).    Provided  with  hooks  or  bent  spines. 

Unouiculate  (Lat.  unguis,  nail).     Furnished  with  claws. 

Ungulata  ( Lat  ungula,  hoof).  The  order  of  Mammals  comprising  the  Hoofed 
Quadrupeds. 

UN(iULATE.    Furnished  with  expanded  nails  constituting  hoofs. 

UniloculaH  (Lat.  uhus,  one ;  and  loculus,  a  little  purse).  Possessing  a  single 
cavity  or  chamber.    Applied  to  the  shells  of  Foramini/era  and  MoUusca, 

Univalve  (Lat  nnus,  one ;  valval,  folding-doors).  A  shell  composed  of  a 
single  piece  or  valve. 

Urodela  (Gr.  oura,  tail ;  delos,  visible).  The  order  of  the  TaUed  Amphi- 
bians (Newts,  &c.) 
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Varices  (Lat.  varix^  a  dilated  Tein).    The  ridges  or  spioose  lines  which  mark 

the  former  position  of  the  mouth  in  certain  univalve  shellB. 
Vabcttlar  (Lat.  vas,  a  vessel).    Connected  with  the  circulatory  system. 
Ventral  (Lat.  vefUer,  the  stomal^).     Belatuig  to  the  inferior  surface  of  the 

body. 
Vermes  (Lat.  vermitf  a  worm).      Sometimes  employed  at  the  present  day  in 

the  same,  or  very  nearly  the  same^  sense  as  Annuloida,  or  as  Annuloida 

plus  the  AnartAropoda. 
Vermiform  (Lat.  vermU,  worm ;  and /onna,  form).     Worm-like. 
Vertebra  (Lat.  verto,  I  turn).     One  of  the  bouy  segments  of  the  vertebral 

column  or  backbone. 
Vertebrata  (Lat.  vertebra,  a  bone  of  the  back,  from  vertere,  to  turn).      The 

division  of  the  Animal  Kingdom  roughly  characterised  by  the  possession 

of  a  backbone. 
Vesicle  (Lat.  venca,  a  bladder).    A  little  sao  or  cyst. 
ViBRACULA  (Lat.  vibro,  I  shake).     Long  filamentous  appendages  found  in 

many  Polyzoa. 
ViPERiNA  (Lat  vtpera,  a  viper).    A  group  of  the  Snakes. 
Viviparous  (Lat.  vivm,  alive ;   and  pario,  I  bring  forth).    Bringing  forth 

young  alive. 

Whorl.    The  spiral  turn  of  a  univalve  shell. 

Xiphisternum  (Gr.  xipkot,  sword ;  ttemon,  breast-bone).  The  inferior  or 
posterior  segment  of  the  sternum,  corresponding  with  the  "  xiphoid  carti- 
lage" of  ^uman  anatomy. 

XiPHOSURA  (Gr.  xiphoSf  a  sword ;  and  ouray  tail).  An  order  of  Cnistacea, 
comprising  the  Limuli  or  King-Crabs,  characterised  by  their  long  sword- 
like tails. 

ZEUQLODONTiDf  (Gr.  zeugU,  a  yoke ;  odouMf  a  tooth).  An  extinct  fSamily  of 
Cetaceans,  in  which  the  molar  teeth  are  two-fanged  and  look  as  if  com- 
posed of  two  parts  united  by  a  neck. 

Zoom  (Gr.  zoVn,  animal ;  and  eidos,  like).  The  more  or  less  completely  in- 
dependent organisms  produced  by  gemmation  or  fission,  whether  these 
remain  attached  to  one  another  or  are  detached  and  set  free. 

Zoophyte  (Gr.  zoUn,  animal ;  phuton,  plant).  Loosely  applied  to  many 
plant-like  animals,  such  as  Sponges,  Corals,  Sea-anemones,  Sea- mats,  ko. 
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Absence  of  certain  animals  in  fossiliferona 
deposita,  bow  accounted  for,  27«39. 

AeaTUhoeladia,  196,  629. 

Aeanthodeff  830. 

AcanthodidcBt  822^30. 

Aeant?u>pteri,  818. 

Aeanthotpongia,  68. 

AeaiUhoUUonf  177. 

Aeanthoteuihitf  295. 

Aearida,  182. 

Aoasta,  152. 

Aeaste,  170. 

.^eer,  502. 

Aeerotheriumf  425,  426. 

.^cAotina,  266. 

AeietUa,  268. 

AdeuXidcB^  268. 

AcidatpidcB,  171. 

Acidaspia,  171. 

>4e»penMr,  322,  838. 

AcmcBO.  259. 

▲com-shellB,  150. 

Acrodont  Lizards.  362. 

Acrodtu,  335,  337.  839,  340,  410. 

Acroeens,  473 ;  age  of,  476. 

AeroUpU,  680. 

.^tfroMzIenia,  110. 

.^cro«ticAit0«,  497,  588. 

AcroufXL  117. 

Aeteoiulla,  261. 

.^et«oni7ux,  861. 

.^etima,  86,  87. 

AetinoerintUj  121, 126. 

Actinotpongia,  537. 

Aetinozoaf  73;  characters,  85;  distribn- 
tion  in  time,  86. 

Adductor  muscles  of  Lamellibranchiata, 
218. 

jEehmodru^  324. 

j^lina,  169. 

u^>iom<»,  390,  894. 

jEquoridoit  74. 

.^^anid««,  288. 

Age  of  Acrogens,  476;  of  Oyranosperms, 
476;  of  Angios perms,  476. 

Agelacrinut,  120, 138. 

AgnostidcB,  167 

Aonostut,  162,  168, 167, 168. 

Akett  435. 

Aleyonariaj  78;  characters  of,  101;  dis- 
tribution of,  in  time,  101. 

Aleyoniumf  101. 

Alethoptens,  482,  486, 494. 

AlaoB,  478,  477. 

AUigator,  866,  867. 


.^ItntM,  600. 

Alum-schists,  of  Sweden.  510. 

Amber,  Insects  preserved  in,  188. 

Amblyptenu,  823,  534. 

AmblyrhgnehfUf  365. 

Ambonyehia,  228,  224. 

Ambnlacral  ossicles  of  Star-fishea,  112;  IIS. 

AnUa,  323. 

AnUadaj  822,  328,  827. 

Amtnonitet^  289 ;  sections  of,  290. 

AmmoniticUe,  279,  280,  281;  characters 
of,  286;  sheU  of,  279,  286. 

AnuBbea,  59. 

Amph^na,  806;  characters  of,  846;  ordera 
of,  847 ;  distribution  of,  in  time,  347. 

AmphiecBKa  (CroeodiUa%  366, 867. 

Afnphieyonf  450. 

Amphiaettu,  109. 

Amphiheliay  96. 

AmpkOesUM,  405,  410. 

Amphuniy  170. 

Amphipoda,  176. 

j49np/iw6c9na,  361. 

Amphitponpia,  69. 

.4fnpAut«(7tna,  63. 

.^mpAitA^rium.,  406,  410.  411. 

A^nphitreiguhu,  434. 

Atnphiura,  117. 

ulmp2«xu«,  626. 

Ampullariat  245,  265. 

Ampyx,  167, 169. 

.^nafroeta,  537. 

jinaeantAim,  317. 

AnanehyUi.  109. 

.^TUiTMrAyfuus,  109. 

.^TUirtAropodo,  136. 

Anatifa,  153,  155. 

.^nattno,  238,  239. 

AnatinidoB,  218,  238. 

.^ficAi^A^rium,  428 

Ancyloc&ratt  291.  292. 

>lncy2otAertum,  414. 

Aneyltu,  268. 

.^ndrtos,  847,  348. 

Angelina,  161, 167, 169. 

Angiosperms,  473. 

AnguUf  861. 

Animal  Kingdom,  dlTisions  of,  44-52. 

Anigoputf  533. 

Annelida,  136 :  characten  of,  136 ;  distri- 
bution of,  in  time,  137. 

Annularia,  478,  482,  483,  494. 

Annulcida,  102. 

Annuioeaf  29,  47 ;  characters  of,  186 ;  dis- 
tribution of,. in  time,  18& 
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Anodon,  220,  2S0. 

AnnBtnOt  i6S. 

Anogent,  478. 

Anomiay  221. 

Anomodontia,  878. 

AnomopterUt  497. 

Anomura^  179, 180. 

AnoplotheridcB,  480,  481. 

Anoj^othuriumf  480. 

^nouro,  846,  847,  849. 

Antresters,  418. 

AnUdon,  128. 

AfUholUheM,  474,  484,  494. 

ilnMracopaZcnnon,  178. 

Anthracogiay  234,  28& 

^n^Arocoaatinw,  852. 

ArUhraaiilitriu'n^  480. 

^ntitoeajma,  437. 

AntUoeapridoB,  438,  489. 

.iTt^iJope,  487,  489. 

AntOopida,  437,  488. 

.^ne{|>a<A««,  88. 

Antwerp  Crag,  566. 

ApfUeofit  852. 

Aphragmit»t  286. 

Apiocnnidaf,  127, 128. 

^inoeriniM,  118, 128. 

.iim)<;y«ti<e<,  180, 188. 

Apiyna^  261. 

AplynadcB,  261. 

.^jToroM,  06;  distribution  of,  in  time,  07. 

Ap<nrhai9,  252. 

ApUryXy  398,  894. 

Aptomit,  890. 

ilptycAtM,  154. 

.^inM,  159,  165, 166. 

Aralo-Caspian  beds,  556. 

Araehnida^  characters  of,  181 ;  orders  of, 

182;  distribution  of,  In  time,  182. 
Araneida,  182, 183. 
Arauicaria,  497,  500. 
Araucariweylon,  475,  498. 
Area,  226,  227. 
AreadoB,  216,  218,  226. 
ArehcBoeidariit  108, 110. 
ArchaoeycUhtUf  68. 
ArchmonUeut,  177. 
ArchcBopUryx,  888,  886,  890,  896. 
Archagaricon,  475. 
ilrcAtf^roMiuria,  352. 
.^rcA«j70<auru«,  85'i. 
Archimediporti,  196. 
ilre/itmuZocm,  186. 
ArehiuUdcBf  184. 
.^roAtttJiM,  184. 
Aretocyon^  451,  460. 
.^retomyt,  460. 
.^returiM,  177. 
Arenieolxte9t  142. 
.iir«£Aimiue,  171. 
Argonauta,  274,  275,  294. 
.^rponatttuto,  275,  294. 
Armadillos,  413.  416. 
Arms  of  Star-fishes,  111,  113 ;  of  Ophiu- 

roids,  116;  of  Crinnids,  119;  of  Cys- 

tldeans,  180;    of  Blastoidea,  184;    of 

Brachiopoda,  201. 
Armdeiy  499. 
ArUnUa,  159. 
AHhraater,  115. 
ArthrophyetUt  479. 
ArUiropoda,  14.%  144. 


ArthnpUrutt  842. 

ArtieuUUa  (Brachiopoda),  202;  (CWnoi- 
dea\  12& 

Artiodaetyla,  423,  428. 

Anieoiat  459. 

AtaphidoB,  167. 

^•opftiM,  164,  165,  166, 167. 

Ascfdlan  Molluscs,  187. 

Aicoeerai,  288,  285,  286. 

AHphonida,  218,  219. 

AtperaiUum,  239. 

.^splcKarux,  491. 

.^Ispidoeorii^  169. 

Atpidorhynchu8f  588. 

.Aspidura,  117,  588. 

Attaeut,  179. 

AttarU,  284,  285. 

.^stermtfsa,  characters  of,  110 ;  distribu- 
tion of,  in  time,  114. 

Asterolnig,  520. 

AsUrophyUiie8f  482,  483,  484,  489,  494. 

Astrasa,  96. 

AstrcridcBf  97, 100. 

AstrcBopora,  96. 

^stran^^  96. 

./Istroflronium,  116. 

AttropeeUnf  111,  114. 

ulstrM)i^a,  110. 

Attyiotpongia,  68,  69. 

^eAyrtc,  206. 

Atlantic  Ooze,  23. 

AiUtntidoB,  262,  263. 

Atrypa,  206. 

jiueAcfUwpi*,  331. 

Avahmia,  438,  434. 

AtUacopleura,  171. 

iluZoporo,  07. 

.^ttZoiwrute,  97, 100. 

AurletUidiB,  268. 

Aurochs,  439. 

.^ves,  381. 

Avieula,  223,  224. 

.^incuia  eoiUorta  beds,  581. 

Avicularia,  194^ 

AtieulidCB,  219,  228. 

AviettlopBcten,  222,  223. 

.^a;»nu#,  229,  580. 

BaetrUet,  276,  287,  2S& 

BaeuliUB,  276,  287,  293. 

Bagshot  series,  549. 

BfUrdia,  156.  157. 

BaketoeUia,  530. 

Bala  beds.  616. 

Catena,  419. 

BalcenidcB,  419,  420. 

^alomodon,  422. 

Balanida,  150, 152. 

Balanopkylliat  96. 

BalaniM,  151, 162. 

BalittidcB,  318. 

BankBia,  499,  602. 

BapheUB,  852,  853. 

BaptoBawnUt  866. 

Barnacles,  152. 

Barraraunda,  814,  843,  844,  845. 

Barrandia,  169. 

BatideB,  837,  841. 

BaeroeAta.  840. 

BelsmniesIIa,  290. 

B0lMim£r«s,  297;  sections  of,  298. 

B0(emniti(te,  276,  277,  294,  296. 
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Belemnoiepiat  296. 

BeUmnona^  290. 

Belemnoteuthu,  298. 

BeUmnoziphifu,  421. 

Belinunu,  176. 

Bellerophvna,  245,  268. 

Bellerophon,  245,  263. 

Belodon,  868. 

Beloptera,  296,  298. 

BeloUtUhi*,  295. 

Bembridge  beds,  549. 

Beryx,  816,  818. 

Beyriehia,  156, 157. 

Bidi€Utopora,  197. 

Btmana,  466. 

JSitiMfio^  75. 

Btp0«,  861. 

Birds,  characters  of,  881 ;  dintribation  of, 
in  time,  388 ;  orders  of,  391-396. 

Bivalve  Molluscs,  214. 

Bkutoidea,  characters  of,  188 ;  distribu- 
tion of,  in  time,  135. 

BUnniidog,  818. 

BopyridcB^  176. 

Bob,  489.  440. 

B(nirgxutieriwu»f  128. 

Bovey  Tracy  lignites,  502. 

Bovidcty  437.  439,  440. 

Brttehiopoda,  characters  of,  198 ;  shell  of, 
199 ;  families  of,  208 ;  distribution  of, 
in  time,  202, 208. 

BraehymetoptUj  167. 

Brachjfura,  180. 

Bradypodida,  418.  414. 

BradypuH,  398. 

BranuUheriuin,  438,  439. 

Brcmchi/era  (Oanteropoda),  241,  244,  ^46. 

BronteidcB,  171. 

Brontetu,  163,  167,  171. 

Brontozoumj  538. 

Bruta,  413. 

Bryozoa  (see  Polyzoa). 

Buceinidagf  248. 

BtieemitTit,  248. 

Bueklandia,  497. 

JSuZimtM,  266. 

iJu^to,  261. 

Bullida,  261. 

Bunter  Sandstein,  580,  531. 

Burrows  of  Annelides,  141, 142. 

ButhograpntSf  78. 

Buthotrepkis,  477,  479. 

CaducibrancJiiate  Amphibians,  846. 

Cceeilice,  347,  355. 

Calamaries,  395. 

Calamites,  474, 475,  460,  487,  488,  489,  494, 

629. 
Calamodendron,  482,  488. 
Calathium,  68. 
Calcaire  grossier,  549. 
Calcareous  Sponges,  67. 
Caleeola,  99. 

Calciferous  Sand-rock,  513. 
Calcisponffug,  67,  68. 
CaHithriix,  465. 
Calloeystites,  180,  132,  133. 
Callograpmt,  78,  79. 
CalyeaphoridCB,  73.  74 
Calymene,  163, 167,  170. 
Calymenida,  170. 
Calyptrcea,  259. 


CalffptrcBida,  259. 

Calyx  of  Crinolds,  119 ;  of  Cystoldea,  129 ; 
of  Blastoidea,  133. 

Camarophoria,  208,  580. 

Cambrian  period,  rocks  of,  512 ;  life  of, 
518 ;  flora  of,  477. 

Camelida,  433. 

CamelopardalidoB,  483.  486. 

CatiMlopardalU,  436.        , 

Camelua,  433. 

Ca»ipanutori(2a,  76. 

Can^eZtoria,  247. 

Cancer,  180. 

Candona,  156, 157. 

CanidcB,  449,  454. 

Canitt  454. 

Cnpltulum  of  Lepadoids,  152, 153. 

Capra,  439. 

Caprina,  238. 

Caprotina,  232. 

CapiiZtu,  259. 

Caradoc  beds,  518. 

Carboniferous  period,  rocks  of,  5S4  ;  life 
ot  526 ;  flora  of,  485. 

Carboniferous  Slates.  524. 

Carcharodon,  835,  340. 

Cardiada,  218,  233. 

Cardinia,  236. 

Cardiocarpum,  474,  482,  484,  494. 

Cardwla,  224. 

Cardiomorpha,  527. 

Cardita,  234,  235. 

CardiuYA,  233. 

Cariixaria,  245,  262,  263. 

Ca)*nioora,  characters  of,  447,  448 ;  Pinni- 
grade,  449;  Plantigrade,  450;  Digiti- 
grade,  452 ;  distribution  of,  in  time,  449. 

Carptenteriat  64. 

Carriage  •  spring  apparatus  of  Brachio- 
pods,  201. 

Caryocarit,  159. 

CaryocrinxtM,  130. 

CaryocystUes,  133. 

Caryophyllia,  96. 

Cassidultda,  109. 

CcmU,  842,  248,  249. 

Castor,  458,  459. 

Castorida,  458 

Castoroideit,  459. 

CoffuariiM,  394. 

Cntarhine  Monkeys,  465,  466. 

CatodotUidcB,  419. 

Catopygtu,  544. 

Catwrus,  545. 

Caulopteris,  474,  482,  485. 

Cave  Bear,  451. 

Cave  Hytena,  453. 

Cave  Lion,  455. 

Cave  Pika,  560. 

Cavicomia^  433,  437. 

Caoidtx,  458. 

Cebue,  465. 

Cellepora,  198. 

Cellules  of  Oraptolitea,  79,  81. 

Centemodon,  364. 

Centipedes,  183. 

Centrodus,  338,  839. 

CephaUupidai,  322,  831. 

Cephalaspis,  881. 

Cephalopoda,  characters  of,  278;  distri- 
bution of,  in  time,  276 ;  Tetmbnunchiate, 
277 ;  Dibranchiate,  298. 
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CeratioearU,  160, 100. 

Ceratites,  276,  887.  288.  289,  534. 

Ceratodw,  837,  889,  84S,  843,  844,  845. 

CerithiadcB,  252. 

Cerithium,  252. 

Cercolab€8^  450. 

CereoUptu,  461. 

CmreopttheeuSt  460. 

CenfidcB,  438,  434. 

Csrvus,  435,  486. 

Cestraeiony  337,  839,  840,  835. 

CeHraeionticUgf  887. 

Cestraphori,  385,  836,  887.  338.  839.  840. 

Cstacea,  characters  of,  418;  diatrlbation 
of,  in  time,  419. 

CetioMuru8t  868,878,  879. 

Cetotolites,  420. 

Chcgropotamui,  430. 

CfuBlocUmtida,  818. 

ChaUcomyty  459. 

CheUieotheriumt  431. 

Chalk,  540;  compared  with  the  Atlantic 

Ooze,  23. 
'  Chama,  230. 

ChamoBrops,  501. 

ChamidcB.  218,  280. 

Champtodelphis,  420. 

ChamnopB,  170. 

CheiioH(»nata,  198,  194,  195. 

Cheirolepia,  323,  327. 

Cheiroptera,  characters  o^  460 ;  distribu- 
tion of,  in  time,  461. 

Cheirotherium,  350,  361. 

CheiruridcB,  167,  169. 

CA^iniritf,  163, 167,  170. 

Cheliehnus,  859. 

Chelone,  359. 

CheUmia,  characters  of,  856 ;  distribution 
of,  in  time,  359. 

CheUmUda,  358,  869. 

ChemnitzUif  251,  258. 

Ghemong  period,  522. 

Chenendopora,  537. 

ChUognatha,  183, 184. 

Chiltioda,  188. 

ChimcerideB,  886. 

Chirotes,  361. 

CAiton,  260. 

CAiemii(to,  260, 

ChcUeteSf  526. 

Chondritet,  479. 

CAotidrof ttfiM,  888. 

CAonete«,  210,  211. 

Choneziphitu,  421. 

ddaridce,  109. 

Cidarit,  106, 109. 

Cimolomigt  892. 

Cinnamomum,  600,  502. 

Cinu/ia,  261. 

Ciretw,  896. 

Cirri  of  Brachiopods,  201. 

Cirripedia.  characters  of,  149 ;  orders  of, 
150 ;  distribution  of,  in  time,  152 ;  Ses- 
sile, 150 :  Pedunculated,  152. 

Cladocera,  156. 

Cladodtu,  838,  889. 

Claiborne  beds,  650. 

CUnuUia,  266,  267. 

CknageUa.  239,  240. 

Clearage,  80. 

CUodora,  269,  270. 

CteptyMurtu,  864. 


Climaco^rap9U9y  84,  85. 

ClimaetichnUeSf  167. 

Climatiut,  830. 

Cliona,  71. 

Clupeidm,  816. 

Clymtnia,  281,  282,  288. 

Clypeaster,  109. 

Clupeagtertdmt  109. 

ClypeuHf  109. 

C<MU,  structure  of,  485. 

Coal-measures,  525. 

Cocoo«tetM,  831,  3.32,  520. 

CoeAeiodiM,  339. 

CcBlaeanthini,  327,  829. 

Caelacanthua,  827,  829,  580. 

CoeUrUertUa,  characters  of,  78;  divisions 

of,  73  ;  distribution  of,  in  time,  78,  74. 
Ccelogenya,  458. 
Coenenchyma,  89. 
Coenoecium,  192. 
CamopUkeeitM,  466. 
Coleoptera,  185,  186,  187. 
CoUyrites,  109. 
CoUyrUida,  109. 
Colobut,  465. 
Colonies,  26. 
Cotosfochelyty  359. 
Colnbrine  Snakes,  860. 
Columbacei,  894. 
Columella  of  Corals,  91 ;  of  the  shell  of 

GcuUropods,  242. 
Column  of  Crinoids,  118, 123. 
Colymbidce,  390. 
ComaroeygtiteSt  131. 
C<ymatula,  122, 128, 127,  128. 
Common  canal  of  Qraptolites,  80. 
CompsofftuUhat  380. 
Compsognathus,  377.  880. 
CtynchicolUet,  188,  189. 
Conch^era  (see  LameZ^tbroncAfato). 
ConcAuMaunw,  872. 
Conehodugj  338. 

Conclusions  to  be  drawn  from  Fossils,  40^4. 
ConidcBy  249. 
ConiopterU,  498. 
Contosaurutf,  864. 
ConLston  series,  516 
Conoeardium,  S38,  234. 
Conoeoryphe,  167, 169. 
Conodonts,  314. 
Conofmi^ia,  100. 
Constricting  Snakes,  361. 
ContemporaneitT  of  strata,  14-20. 
Continuity,  Geological,  20-26. 
Conularia,  270,  271. 
ConulttSy  266. 
Contw,  249. 
Copepoda,  155. 
Coralline  Crag,  555. 
Coralliunit  102. 
Coral-reefs,  ancient,  95.  96. 
Corals,  gemmation  and  fission  of,  93-95. 
Corals,  simple  and  compound,  88,  89,  90, 

91,  92,  98. 
Coral-Bag,  586. 
CoraXt  840. 
CorM*,  234. 
Corhuia,  28& 
Cardait€9,  474,  480. 
Conbraah,  686. 
ConiiferouB  period,  519. 
ComuUUi,  188. 
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Comut,  600. 
CorontUa,  159. 
Corynida,  74,76,  70. 
Corynoideft  76,  70. 
Coryphodon,  420. 
CogmaearUhtu,  838. 

Crag,  Antwerp,  550 ;  CoralUnft,  666 ;  Nor- 
wich, i6.;  Red.  A.;  White,  ib. 
Crania,  SOS,  211,  211 
Cranioito,  202,  21 L 
CranaUUa,  884,  236. 
CrtmatovUriM,  497. 
CrefridtUa,  269. 
Cretaceous  period,  rooks  of,  640;  life  of, 

645 ;  flora  of,  499. 
Cribella,  111. 
Cribrospongia,  687. 
Crieetfu,  459. 
Crieodus,  S26. 
Crirundea,  characters  of,  118 ;  distribation 

of,  in  time,  126. 
Crinoidal  limestone,  120. 
CrioeBrtUt  291. 
CritUllaria,  637,  648. 
CroeodUia,  865-308. 
CroeodUtu,  900. 
Cromer  Forest-bed,  668. 
Crtmopodiaf  142,  143. 
CrotaoptenfgidoB,  321,  82S,  820,  827. 
Crossozomta,  497. 
CrotalocrtntM,  120. 
Cruataceay  characters  of,  144;  orders  of, 

149 ;  distribution  of,  in  time,  148. 
Cryphcnu,  170. 
Cryptogams,  478. 
CtenacanthuM,  838,  620. 
Ctenodipteri,  827,  828. 
Ctenodmust  111,  114. 
Ctenodonta^  220,  227. 
CUnodtu,  838. 
Ctenoideiy  307,  816. 
Ctenoid  scales  of  fishes,  307. 
Ctenophora,  78,  85. 
Ctenoptyehius,  838,  339. 
Ctenostomata,  191, 194. 
Cucuiuto,  896. 
CueulloM,  S20,  227. 
CuUeUvM,  237. 
Ciij^rfMocrintM,  120. 
CuprsMUS,  600. 
CupuiUpdngia,  683i 
Cunores,  893. 
Cuttle-fishes,  298. 
Cuvieria,  209.  270. 

/a<Aa«pi«,  882. 
'iaaonUk,  90. 

/otAaoMmicto,  99, 101. 

jaJthina.  648. 
Ci/atAoeriniM,  120. 
CyathophylUdcBf  99, 101. 
Q/a</^opAy2<um,  528. 
CybeUt  170. 

dyeadaeem,  478,  476,  494,  490,  497. 
Cyeadeoidea,  498. 
Cyeadopterit,  499. 
Cycladlda,  218,  284. 
Cye2a«.  234. 
CycUridei,  307,  816. 
Cycloid  scales  of  fishes,  807. 
C^elopAeAafmiM,  182,  183. 
Cyclopterii,  48S,  480, 497. 
Cyeloaerit,  90. 


Cyelottoma,  SOS. 

CVeloffomoeo,  198, 194, 196. 

Cydottomida,  268. 

CylindrUss,  201. 

Cyperitet,  482,  488,  491 

C^Aaspicte,  171. 

C^7)A(upi».  171. 

Cyprcsa.  250. 

Cyprcgida,  250. 

Cypridella,  157. 

CypridiWk,  150,  167,  628. 

CyprifMy  234. 

Q/prinida,  218,  284,  810. 

Cvpric,  150,  157. 

Cyrena,  234. 

Cyrfia,  205,  6.S4. 

Cyrtoeeras,  270,  383.  284. 291,  684. 

C^^fodonta.  220-228. 

CyrtoliUi.  245,  203,  204. 

CyttiphylUdcB,  99,  lOL 

CVfttpftyttum,  99. 

CytUndea,  characters  of,  129;  distribation 

ofl  in  time,' 132. 
C^£A«fv,  150. 157. 
CVCA«r00k  230. 
CythenUay  160, 167. 

Doctytorsa,  687. 

DadoxyUm,  474,  476,  48S,  498,  494. 

DolPOMunu,  807. 

DoZmania,  170. 

Dapedida,  824. 

DaiwdiiM.  824. 

DiuypodideB,  418. 

DcuypuM,  410. 

Duayproeta,  458. 

Dasyunu.  40S. 

Davidsonia,  208. 

Deeapoda   (CnutaeeaX    177;    (Csfiftol^- 

poda).  296. 
Deep-sea  corals,  93. 
D«>Vtinoia,  197. 
DemoMuria,  characters  of,  870 ;  diatxibii- 

tion  of,  in  time,  877. 
Deinothenum,  418,  442,  448,  447. 
Deiphon.  170. 
De&hinUoB,  419,  420. 
Delphinxu,  420. 
Dendrareaj  537. 
Dendrerpeton,  851 
Dendroaut,  320. 
Dendrotfrapna,  77-79. 
DendrophyUiay  90k 
Dendropupa,  207. 
DerUaltda,  260. 
Deneoiina,  537. 
Dentalium,  187, 188,  242,  200. 
Derivative  rocks,  8. 
DMrnophyllufn,  90. 
Devonian  period,  rocks  of,  520 ;    life  of, 

621 ;  flora  of,  480. 
DiademM,  110. 
Diademadce^  110. 
Diaatopora,  197. 
Dibranchiate  Cephalopoda,  oharsetei*  of. 

293;  famiUes  of,  276;  distribation  of,  in 

time,  294. 
JHunu,  280. 
Dichjobune,  43L 
Diehograwtu,  88. 
Dicotyledons.  473. 
DieotyUi,  480. 
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DieranograptfUf  85. 

DictvoUUM,  479. 

Dtetyonemat  77-79. 

Dieynodon,  S7S,  874. 

Didelphida,  408. 

DideCphya,  407,  411. 

IHdiM,  894. 

DidymojTropnw,  82,  83. 

DiffittgradalCannvord),  448. 

DQceloeephaitu,  164, 167, 169. 

DtmorpAodon,  876. 

Dimyary  Bivalves,  218. 

Dimylut,  468. 

DinophiSf  861. 

iKnomw,  890,  894. 

ZHnoMuria  (aee  Dtinotauria). 

Dwnide,  169. 

/>tj»tocafUAiM,  830. 

DiplograpsuM,  82,  84,  86. 

DwiopUrut,  826. 

Dipnoi^  characters  of.  84S;  distribution  of, 

\n  time,  814,  848,  846. 
Dipodidoff  459. 

Diprionidian  Qreptolltes,  82,  84. 
D^rtrotodon,  412. 
DxpUra,  186, 187. 
DwUrus,  827,  328,  846. 
IHjnM,  460. 
DMna.  S03,  21S. 
Diietnuto.  202,  212. 
Discinoearia,  159, 160. 
DiaewUa,  107. 
D{soor5tna,  60,  62. 
Dissepiments  (Corals),  98. 
DUhyrocariMy  169. 
DUrupa,  138, 149. 
DoticAosauriM,  364. 
Don^,  287. 
Doreatheriwm,  484. 
DrtmoCAeritttn,  484. 
jDrofiMu'iM,  394. 
DromcUherium,  409,  588. 
Dromia.  180. 
DromUiUf,  180.  , 
Dryandra,  499. 
DryojMMC%u,  466. 
Dytagter,  109. 
D^M«teritf<0, 109. 

Etotta,  180. 

JScetUt'omp^ZiM,  268,  266. 

Echidna,  406,  407. 

Bchimda,  110. 

£!6Amoooni(to,  109. 

AAtfM>eonu«,  109. 

Eehinocyamuty  109. 

Behinodermata,  cbancten  of,  102;  orden 

of,  103 ;  distribution  of.  In  time,  103. 
Sehinodon,  364. 
Eehinoenerinui,  188. 
Eehinoidttif  cbaracten  of,  103 ;  distrlbU' 

tion  of,  in  time,  108;  (kmiUea  of,  100. 
Bchinoneida,  109. 
BchinoneuSt  109. 
EehinotphcBriteit  128. 
BekiHUt,  110,  112. 
Bdaphodru,  836. 
Edentata,  characters  of,  418 ;  distrlbntion 

of,  in  time,  414. 
BduUt,  838. 
Bdutotawnut,  365. 
Bdmondiat  527. 


EdriophthtamatOtVli,  176. 

BUumobranchUt  charactera  of,  884 ;  fam- 
ilies of,  335;  distribution  of,  in  time, 
885. 

BUutnoduty  886. 

EUphaa,  442-446. 

Ellc,  485 ;  Irish,  485.  486. 

ElliptOMphalw,  167,  169. 

BmaravntUOt  258. 

BmydidcBy  358,  359. 

Emys,  867,  859. 

BnalioaauHa,  369. 

EnerinuTUif  167, 170. 

Bncrinui,  127,  588. 

Endoeeraa,  28L 

Endogens,  478. 

Enoploclytia,  179. 

Enoploteuthitt  295. 

Entaiophora,  197. 

Entomi$,  156. 

Entomoatraea,  155. 

Entrochal  Marble,  126. 

Eocene  period,  rocks  of,  546;  Ufe  of,  550  ; 
flora  of,  500. 

SoeyttUeM,  182. 

EophyUm,  474,  477,  478. 

BoaaunUt  856,  869,  870. 

Boaecrpiua,  183. 

Boapongia,  68. 

Eozodn,  68. 

l^A^tiMTuto,  185. 

lh>itheca  (Corals),  92. 

Equidca,  427. 

f^ifeta^ecs,  478,  474,  480,  487. 

BquiaeiUaa,  476,  489,  494. 

Egwu,  428. 

Jfne^UAys,  177. 

Erinaaaidm,  468. 

JffrinOMVS,  468. 

Aran^  187, 141, 142. 

Bryon,  178, 179. 

Eachara,  197, 198. 

Baeharidca,  197. 

ITscAarina,  193. 

Eaoeidm,  816. 

£«C^«ria,  167,  158, 159,  224,  533. 

Eulima,  251. 

.Sttnofnto,  588. 

Buomphalua,  255,  256,  264,  265,  584. 

EuptUagua,  109. 

.EupAodtfria.  184. 

BupaamnUdof,  100. 

BttrypUrida,  145, 148,  171, 172, 178. 

i^n-yptenw,  173. 

Burvatamum,  539. 

.EtMcsicsaunM,  877. 

Bzc^ns,  478. 

ExogyrOy  220. 

fsBtracnniu,  128, 127. 

Facial  sntnre  of  Trilobites,  162. 

Fa§ua,  500. 

Faluns,  553. 

FaaeietUaria,  198. 

Faaeiolaria,  247. 

f  aoositM.  528. 

FavoaUidea,  97, 100. 

Faaoapongia,  69. 

Faim/aria,  491,  498. 

JP«;uf€S,  440,  453,  454,  455,  456. 

FaUa,  455. 

FaneaUUa,  195, 196, 629. 
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FenettellidcBf  195. 

Ficus,  499. 

Filiees,  475.  485. 

Firolidce,  262. 

Fission  of  Corals,  94. 

FUmrella,  25a 

FiMurellidcB,  258. 

Flabellum,  96. 

Flints,  origin  of,  69. 

Flora  of  the  Cambrian  period,  477 ;  of  Uie 
Silurian  period,  478;  of  the  Devonian 
period,  480 ;  of  the  Carboniferous,  485  ; 
of  the  Permian  period,  494 ;  of  the  Trias, 
496 ;  of  the  Jurassic  period,  497;  of  the 
Cretaceous  period,  499 ;  of  the  Eocene, 
500 ;  of  the  Miocene,  501 ;  of  the  Plio- 
cene, 503. 

FltOtra,  198. 

Foramin{fera,  characters  of,  60 ;  test  of, 
61,  62  ;  distribution  of,  in  time,  62-66. 

Forest  Marble,  536. 

Formation,  definition  of,  7. 

Fossil,  definition  of,  2. 

Fossilisation,  34. 

FrondiculariOf  537. 

Fucoidal  Sandstone  of  Sweden,  477,  514. 

Fucoids,  477,  479,  474. 

Fulica,  S92. 

Fuller's-Earth,  536. 

FungidcB,  97,  100. 

Fuuulinat  64. 

FtmUt  243,  247,  248. 

Oadidm,  318. 

Galceeyntu,  454. 

Galatea,  178. 

OaUocerdOf  335,  340. 

OaUriteM,  104,  109. 

OalesUt,  406.  411. 

Oallinacei,  394. 

Oamtnanuff  176. 

Oamp9onyx^  176, 177. 

Ganocephaliij  852. 

Oanodtu,  836. 

Oanoidei,  characters  of,  320;  sub-orders 

of,  822  ;  distribution  of,  in  time,  822. 
Qanoid  scales,  807. 
Oasteropoda,  characters  of,  240 ;  shell  of, 

242  ;  famUlesof,  244;  distribution  of,  in 

time,  245. 
Oastomis,  890,  394. 
Oastrochctna,  239. 
GatiroehanidoBt  218,  239. 
Oault,  540. 
Oavial,  866. 

Gemmation  of  Corals,  08-95. 
General  succession  of  organic  types,  62-55. 
Geological  continuity,  20-26 
Geological  record,  imperfection  of,  82. 
Oeophihu^  184. 
0€otevihi9t  298. 
Q^otrypus,  463. 
Oephyrea,  136. 
Gervaiia,  228,  224. 
Girafie.  436,  487. 
Glabella  of  Trilobites,  161. 
Glacial  deposits,  559. 
Glacial  shells,  559. 
Glauamame,  196. 
Oleditsehia,  508. 
Olir$s,  456. 
GUMgerina,  60,  62,  65. 


Globulw,  251. 
Glo98odtu,  839. 
GlyptoerimUf  126. 
GlyptoeygtUeM,  132,  133. 
GlyptodipUnni,  326,  327,  828. 
Glyptodon^  416. 
Glyptotcgmus,  326,  8S7,  828. 
Glyptolepii,  326. 
Gluptopomutf  326. 
GobiidoB,  318. 
Gompkoeeratf  283,  285. 
GcmpholepUf  520. 
Goniaster,  111,  112,  114, 115. 
GoniatiUt,  276,  287,  288,  289,  534. 
GonioeercUf  284. 
Goniodisetu,  111,  114,  115. 
Gonufpholig,  367. 
GonwphyUum^  99. 
Gonicgpongiay  537. 
Gordia,  142. 
GorgmiidcB,  101. 
GractUavus,  390. 
Grallatoreiy  892. 
Grantiaj  69. 
GraphtUaria,  101. 
Grapstu,  180. 
GraptolUes,  80,  81,  82. 
GraptolUidcB,   characters  of,  79;   distri- 
bution of,  in  time,  79,  82. 
Great  Oolite,  536. 

Greensand,  Lower,  540 ;  Upper,  542. 
Grevillia,  499,  502. 
Grifithidss,  167,  171. 
Gnu,  892. 
Gryphcea,  220,  221. 
Guard  of  Belemnite,  297. 
Guettardia,  543. 
Gulo,  452. 
Gt^fniOy  99. 
GymnodoTUidof,  818. 
Gytnnolcemata  (PolyxoaX  192. 
Gifmno$onuUa  (Ptero>po<2a),  269. 
Gymnosperms,  473. 
Gypseous  Series  of  Montmartre,  549. 
Gyraeanthus,  338. 
Gyrocerat,  283,  286,  291. 
Gyroplychiui,  326. 
Gyroprittis,  530. 

HadromuruM,  377. 

Haleyomii,  390,  895. 

Halicore,  418. 

Haliontma,  66. 

HaliotidcB,  256,  264. 

Haliotis,  256,  257. 

Halutaurutt  365. 

HalWieriumf  418. 

Hamilton  period,  522. 

Hamitf,  276,  288,  292. 

Hamster,  459. 

Haploerinus,  126. 

HaplopkUbium,  185, 186. 

HaplophyUia,  99. 

Harlech  Grits,  512. 

Harpedida,  171. 

Harpet,  163, 171. 

Hatteria  863. 

Headon  Series,  549. 

Heart-urchins,  109. 

Helderberg  series.  Lower,  617;    Upper, 

522. 
HaiattnBa,9^ 
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HelicidcB,  206. 
BeUcoeeras,  292. 
H^lioporaf  90. 
Helix,  266. 
Helladotherium,  487. 
HelmmthUetj  14d. 
HelminthoehUon,  200. 
HevwupUy  174. 
Hemiciaarida,  110. 
Hemicidaris,  104,  106, 110. 
£femi(»ratte«,  129, 188. 
Hemipneuttes,  644. 
Htimiptera,  186,  187. 
Hemitroehiteug,  629. 
Hermit  Crabs,  180. 
HesperomicUB,  890. 
Heaperomis.  890. 

Heterocercai,  tail  of  Fishes,  812,  818. 
Heteropoda,  characters  of,  262;  families 
of,  262;  distribution  of,  in  time,  246, 
262. 
HecMprotodcn^  429,  430. 
Htptparion,  428. 
HxppoeampideB,  819. 
fft|7popod»um,  284,  286. 
H%ppopotamid€e,  429. 
Hippopotamus^  429. 
Hippurite  Limestone,  231. 
HippurUeSt  282. 
Hippuritidce,  218.  219,  281,  282. 
Hittioderma,  142. 
Holeodtu,  865. 
HoUctypus.  109. 
Holoeephali,  835.  886. 
Holoey$tia,  97,  99. 
Holopea,  268. 
£fo<opeyeA»i»,  826,  828. 
HoloatonuUa  {Gasteropoda^  244,  246,  260. 
Holothuroideaf  185. 
HoUenia,  70. 
HomacarUhtu,  838. 

Homalonottu,  161, 164, 167, 170. 

Homocercal,  tall  of  Fishes,  812,  818. 

Homotaxeous  deposits,  17. 

Homothettit,  185. 

Hoploparia,  179. 

Horse,  427,  428. 

Hudson  River  period,  616. 

Huronia,  284. 

Huronian  period,  rocks  of,  611. 

^dma,  463. 

Hycmietis,  462. 

Hyomidte,  449,  462,  468. 

Hyanodon,  458. 

Hyalea^  270. 

Hyaleid4B,  269. 

Hrbodonts.  839. 

iry6o<2u«,  885,  887,  889,  634. 

Hydrida,  74. 

ffydrocAoTuitf,  45S. 

Hydroida,  78. 

Hydroioa,  characters  of,  73;    divisions 
of,  78 ;  distribution  of,  in  time,  74. 

HykeosaurtUf  377. 

Hylerpetont  852. 

Hylobaist,  466. 

Hylonomtu,  862,  866. 

Hymenoearit,  169, 160. 

HyvunophyUUet,  486,  487, 

Ifym^noptera,  186, 187. 


HyolUhss,  270. 
HyopotamuSf  430. 
Hyperodapedon,  362,  368. 
Hjpostome,  of  Trilobites,  166. 
HypsUophodon,  877. 
HypgiprymnopiiSt  409. 
Hypnprymntu,  408,  413. 
Hyracoidea.  441. 
£r|^raeotA«rtufn,  441,  466. 
Hyraao,  441. 
HystrieidcBt  468. 
Hyttria,  468. 

ia4»;Afi«,  465. 

/anCAiTM,  268. 

Ibis,  392. 

Jchthystpetoriy  862. 

JcAtAyocnniM,  126. 

Ichthyodorulites,  317,  886,  836,  337. 

/efttAyomorp?U»,  847. 

leMhyopUrygia,  368,  869,  870. 

/cAtAyosauria,  368. 

JeAtAyoMunM,  369,  870. 

Jetitheriwm,  452. 

Idioehelys,  689. 

Idmoneaf  197,  198. 

Igvanodonf  877,  378. 

nkenus,  161, 162,  168, 164, 169. 

Imperfection    of     the     Palseontological 

Record,  27-39. 
Inarticulata  (Braehiopoda\  202. 
Inferior  Oolite, 
l7\fusoria,  28,  69. 
Inftisorial  Earth,  67. 
Ink-bag,  of  Cuttle-fishes,  273. 
/noceramiM,  228,  224,  225. 
/fwecta,   characters  of,  185;   orders  of, 

187 ;  distribution  of,  in  time,  185,  186. 
Ifueetivora,  characters  of,  462 ;  families 

of,  468  ;  distribution  of,  in  time,  462. 
Insessores,  895. 
InUgropallialia      {LatneUibranchiata), 

218. 
JnvoluHfUit  537. 
Irish  Elk,  436,  436. 
Irregular  Echinoids,  107. 
Imstrctat  537. 
I$ehadUe$,  72. 
ItchiodiUt  386. 
Isoeardia,  234,  235. 
iMopoda,  characters  of,  176;  distribution 

of,  in  time,  176, 177. 
Iulu»,  184. 

Jackson  beds,  660. 
Jelly-fishes,  74. 
Jerboa,  460. 
JuglanSt  499. 

Jurassic  period,  rocks  of,  686;  life  of, 
637 ;  flora  of,  497. 

Kaidacarpum,  490. 
Kangaroo,  408,  412. 
Kangaroo-rat,  408,  411,  413.    ' 
Keratoia  (Spimgida),  67. 
Keuper,  631. 
Kimmoridge  Clay,  636. 
King  Crabs,  174. 
Knorria,  491. 
Koninekia,  206,  634. 
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Koninekinidce,  208,  S0«. 
KOBsen  beds,  681,  632. 

LabyrintJtodon,  858,  860. 

LabyrinthodorUia,    charactera    of,  850; 
dlfltiibation  of,  in  time,  852. 

Lace-coralB,  105. 

Liteertidaf,  864. 

Laaertma^  860  ;  cfaancten  of,  861 ;  dis- 
tribatioii  of,  in  time,  862. 

LcBlapSy  877. 

Lcemodipoda,  176. 

Lagena,  60,  61. 

Loffomyst  457,  458. 

LameUibranehicaa,  chancten  of,  214 ; 
sliell  of,  216 ;  divieions  of,  218 ;  dls- 
tribntion  of,  in  time,  219:  fiunilies 
of,  219-240. 

Lamna,  840. 

LamnodiUt  826. 

Lixomitf  800,  892. 

Lauraeem,  602. 

Laorentian  period,  rooks  of,  510 ;  life  of, 
511. 

Leaia,  158, 169. 

LedOy  226,  228. 

Lequminotitetf  500. 

lAvodon,  865. 

Lemmine,  459. 

XemurtaoB,  464,  466. 

LepadidiB,  150 ;  shell  of,  162, 158. 

L^padoeriniies,  120, 180,  138. 

Lepa$,  158,  154,  156. 

LeperdUia,  156, 157. 

Lepidcuter,  111,  115. 

Lepidodendroidis,  476,  489. 

Lepidodendron,  474,  475,  480,  488,  490, 
491,  494,  629. 

Lepidoganoids,  822. 

Lepidopl&uridcB^  826. 

L€pidophloio8,  474,  480,  480,  491. 

Lepidapterat  180,  187. 

LepidoHren,  842,  348,  845. 

Lepidotteida,  822,  828. 

Lepidotteug,  820,  828. 

Lepidottrolmtf  491. 

LepidoHdcB,  324,  826. 

Lepidottu,  825. 

LeporidcB,  457. 

LeptaeaiUhtis,  888. 

Leptcena,  208,  210. 

Lepterpeton,  862. 

LeptolepidcB,  816,  824,  825. 

Leptol^ns,  324. 

Jjeptophkmmit  480. 

Jjeptoteuthis,  296. 

JDeptw,  457, 468. 

X«sKa,  181. 

Lias,  685. 

LichadcB,  170. 

XioAa«,  17L 

IdcrophycuSt  479. 

Ligament,  of  Bivalve  MoUiucs,  216. 

Limoy  222. 

Irfmocuke,  267. 

Limaeiniace^  269. 

Limnadia,  169. 

XimnoKK,  245,  267. 

LvmrueidcB,  267. 

Zdmuhu,  163,  171, 172,  174,  175. 

i>tn$ruto.  203,  213.  630. 

Lingula  Flags,  512,  514. 


Lmgulida,  202,  203,  218. 
Liquidainbart  603. 
Lirioden4ron,  600.  601,  503. 
LitA«7itomitm,  185. 
Lithodomut,  225,  226. 
LUhomia,  890,  896. 
LitogasteTy  178. 
LittoftTM,  254. 
LUtorinidm,  254. 
LUuiUi,  281,  288,  286. 
LUuola,  648. 
Lizards,  861. 
Llanberis  Slates,  512. 
Llandeilo  Rocks,  516. 
Llandovery  Rocks,  616. 
Lohocctnia,  637. 
LoganograpnUf  514. 
London  Clay,  648. 
Longmynd  Rocks,  612. 
Itonadaleia^  .94. 
XropAiodon,  426. 
2k^Ao&ra9»cAti,  818,  821. 
L(i>hoheliat  96. 
Lophopea^  194. 
Lorieota  (/?«ptt2ta),  365. 
Loriettto,  152,  154,  155. 
Lower  Cretaceons  Rocks,  541. 
Lower  Oolites,  585. 
LaxoTiema,  251, 253,  634. 
Lueemarida,  78,  74, 
LucirMf  284. 
LueinidcB,  218,  234. 
Ludlow  Rocks,  616. 
Luidia^  111,  114. 
Lutra,  452. 
LiUraria,  236. 

LyeopodiaeecB,  474,  480,  482,  490. 
Z^rec^HTdi^M,  474, 480. 
Lyeota,  183. 

Jfaocieu«.  466. 

Jfoeeflooon,  364. 

MaehairoduSf  456. 

Jfoelurea,  245,  263,  264. 

Maerauchenia,  433,  434. 

Mcurocheilua,  251. 

MaeropodidoB^  408,  413. 

Jfocroponuz,  827. 

Macromondylutf  367. 

JfaeroeAenufn,  414. 

Macrura,  178, 179. 

Maetra,  236. 

Maetridoe,  218,  236. 

Madrepora,  96. 

MadreporidcB,  97, 100. 

Madreporiform  tnberde,  106. 

Meestncht  beds,  640. 

Malaeodsrmata  {ZoafUharia\  86. 

Malaeopteri,  316. 

jlfotocoftrooa,  175. 

iifa2ocy«ete«s,  13S. 

Jfamm«Uia,  characters  of,  897 ;  skeleton 
of,  398 ;  dentition  of,  403 ;  distribution 
of,  in  time,  406;  orders  of,  406. 

Mammoth,  443,  444,  445. 

ManatidcBy  418. 

Mandibles,  of  Cephalopods,  278. 

Manis,  413,  414. 

MttTUm^  543. 

Manteliia,  497,  498. 

Marsipobranchii,  814. 

Marsupial  bones,  408. 
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Martupialiat  characters  of,  407;  diitribu- 
tion  of,  in  time.  408. 

MarsupUes,  187, 128, 

Mtutodon,  442,  446,  447. 

MastodonsauruSy  853. 

Meandrina,  05,  06. 

Meandroporot  108. 

MeduKidcB,  78,  74. 

Megacero9y  435,  486. 

Megachinu,  170. 

Megaliehthyt,  326,  827. 

Megalodon,  234,  286»  584. 

MegaUmyXy  414,  416. 

Megalotaunut  S77, 880. 

Megittheriuntf  414,  415. 

Jfetonio,  258. 

MelaniadcB,  258. 

Jf0{M,  452. 

Melida,  451. 

Meloerinuif  126. 

JlemfrramjKms,  544. 

Menopoma,  847,  840. 

Merostomatay  chaiacten  of,  171 ;  sab- 
orders  of,  171. 

Merycotheriumy  488. 

Ue»opUheeu9y  466. 

Metamoiphism.  SO. 

Meto]ttoma,  259,  260. 

Jfe<no0Ay//uif^  100. 

Meyena^  170. 

Miehelinia,  00. 

Jf tera6a«ia,  548. 

Mieraster^  100. 

ificroeoneJitur,  140. 

JfierodiMitf,  162. 

Mierolettes,  405,  400,  581. 

Middle  OoUtes,  586. 

Higrations,  16. 

Maiolay  60. 

ira2epora,  06. 

MiUepoTid4By  07, 100. 

MiUstone  Grit,  524,  515. 

Miocene  period,  rocks  of,  562;  life  of, 
553;  flora  of,  501. 

Mitra,  240,  250. 

Modiola,  225,  226l 

Modiaiopngy  225,  226. 

Molasse,  558. 

Mole,  468. 

MoUutea,  characters  of,  187 ;  shell  of,  187- 
180;  distribution  of,  in  time.  180. 

Jf o^iMca  Proper,  characters  of,  100 ;  divi- 
sions of,  100. 

JfoUtwootdo,  characters  of,  100 ;  divisions 
of,  100. 

MonetUy  28,  69. 

Monitors.  362. 

Monocotyledons,  478. 

Monomvarj  Bivalves,  218. 

Monopnonidian  Graptolites,  82. 

Monotis,  534. 

MonotrenuUat  characters  of,  406. 

MontUvaUia,  02,  08.  588. 

Moptea^  101. 

Mosasouroids,  864,  865. 

Mottuawnu,  864,  865. 

MoBchidoBy  433,  484. 

MaschuSy  434, 

Mountain  Limestone,  624. 

MxtgiUda,  818. 

Mnntjak,  438,  485. 

MurofnidcB,  816. 


JfureAifonta,  S57,  258,  684. 

MureXf  247. 

Muriddmy  247. 

MuridcB^  450,  46SL 

Masohelkalk,  631. 

Musk-ox,  440. 

MutUUly  452. 

MugUlidcBy  440,  462. 

MutUatay  417. 

Myoy  237,  238. 

MyaddoBy  218,  28& 

MyaeiUSy  238, 230. 

Myeetes,  4*^5,  466. 

MygaU,  463. 

MyliobatiSy  842. 

Mylod(my  414,  416,  416. 

Myodety  460. 

UyophoriOy  228.  229,  684. 

MyopotamfMy  450. 

MytKcidcBy  460,  468. 

MyoanUy  460. 

MyrianUe9, 142. 

Myriapoday  characten  of,  188 ;  dlstribn- 

tion  of,  in  time,  184. 
MyrnueobitUy  405,  408,  400. 
Mygaraehne,  468. 
Jfym,  177. 
MyiiUdoBy  218.  226. 
JfyCtitM,  225,  680. 

NacreoQS  Shells,  188. 

JVossa,  24& 

NaauAy  451. 

Ifatatoreiy  801. 

Ifatiea.  250. 

NaticeUay  251. 

NaticidcBy  250. 

Natieoviity  251. 

NawtuidoBy  characters  of.  281 ;  shell  ot 

270,  881 ;  distribution  of,  in  time,  281. 
Nautlloid  Foraminifera,  68. 
Nantilns,  Pearly.  277 ;  Paper,  904. 
Nautauiy  274,  276,  277.  878,  280,  881,  888. 
NttbaUay  150. 
Neerogafmnartu,  176. 
Neolinvuluty  174. 
NereUeSy  148. 
yerineay  258,  684. 
Neritay  255. 
NeritidcBy  856. 
i^arittno,  855. 
Aeitr(>ptsra,  186, 186, 187. 
NeuropteriSy  476,  488,  486,  406,  907,  588. 
NipaaUsSy  500,  501. 
Nodosaria.  60,  62. 
Ncgggerathia,  476.  404,  406. 
Nonvlch  Crag,  555. 
NothoaauTua,  872. 
.yotidaniM,  835,  84a 
Hotothorium.  412. 

i^ii«2eo&raiieAtato  (see  JleUropoda),  268. 
NucUoia«i,  537. 
Aticuto  226,  227. 
AiMli57aneAui/a,  246. 
i^unMniiM.  898. 
NummtUiteiy  62,  64,  66,  649. 
Nnnimulitlc  Limestone,  65. 
NtUheteMy  364. 
Nyua,  503. 

050200(1,  218,  214. 
Obohu,  818. 
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Oceanic  Hydrosoa,  74« 

OctopodidcB.  S76,  291. 

Oeulinidce,  97, 100 

OdorUtupit,  835,340. 

Odontoceti,  419. 

OdontopUrit,  486,  487,  498,  499. 

Offuma,  107, 109. 

Oldhamia,  79, 195. 

Old  Red  Sandstone,  520,  621. 

Olenida,  167, 108. 

OUntu,  107, 108. 

OligoehcHa^  136. 

Oliva,  248,  249. 

OHvella,  249. 

OmnuutrepheMf  295. 

0/u;Au«,  3S5,  337. 

Oni«cu«,  101,  170. 

Oolitic  period,  rocks  of,  685;  life  of,  537; 
flora  of.  497. 

Ooze,  Atlantic,  88. 

OpereulatCf  206,  208. 

Operculum,  of  Cirripedea,  150 ;  of  Enryp- 
terids,  173 ;  of  Limulus,  174 ;  of  Qas- 
teropods,  241;  of  Maelurea,  263;  of 
Theea,  270. 

Ophiderpeton,  852. 

Ophidia,  characters  of,  300;  distribution 
of,  in  time,  860. 

OphiUta,  250,  264. 

C^thiocoma,  117. 

(^hioderma^  117. 

Ophioleputy  117. 

OphioTnorpha,  347. 

C^iura,  116. 

C^hiurindea^  characters  of,  115 ;  distribu- 
tion of,  in  time,  117. 

Opisthobranchiatay  245. 

Opistfioccelia  (Crocodilia),  860,  308. 

Opossum,  411. 

Oraeanthus,  838. 

Orbitoideg,  02. 

OrbitolUes,  02,  72. 

Orimlituif  01. 

Orchestia,  176. 

Oreaster,  114,  115. 

Organic  types,  succession  of,  52-54. 

Orislcany  Sandstone,  522. 

Omwxi/lon,  474,  482. 

Omitfu>rhynehu8.  406,  407. 

OmUhoKelida,  377,  380. 

Omithosauria,  375. 

Orodtu,  339. 

Orthut,  208,  209. 

Orthinna,  208,  209. 

Orthoeeraa,  376,  283,  284,  534. 

OrthoeeratidcBt  276,  288. 

OrthoTiota,  225,  226. 

Orthoptera,  185,  186, 187. 

Ortonta,  618. 

Osborne  series,  549. 

OgmeroUUSf  310. 

OnUolepis,  321,  320,  827. 

Otttraeiontida,  318. 

Ostrcicoda,  characters  of,  156;  distribution 
of,  in  time,  156,  157,  533. 

Ostraooatei,  323, 330. 

OHrea,  220,  221. 

Ogtreidee,  218,  219. 

Otis,  302. 

OfodtM,  340,  841. 

Otozamiteg,  497. 

Otoxotttn,  533. 


Otidtfnodon,  80S,  873, 874. 

Ovarian  capsules  of  Oraptolitas,  81. 

Ovarian  pynunid  of  Cystideans,  181. 

Ovibotj  440. 

Ovicell,  193. 

Ovidm,  437,  489,  441. 

Ovis,  489. 

Oxford  Clay,  580. 

Oxyrhina,  340,  341. 

Paehydermata,  423. 

PaehypterU,  498. 

Pachyritma^  234,  230. 

Paehygerit,  90. 

Paehytheea,  474,  480. 

Paddleflsh,  833. 

Pagurida,  180. 

Paaunu,  180. 

Pakearea,  228. 

PaloMuUr,  111,  114,  115. 

Pakeehinnt,  108, 110. 

PaUega,  177. 

Palceichthyegy  345. 

PalarinaehuSt  180. 

PaUjeoehorda,  142. 

PaioBocoma,  114, 115. 

PaloBocoryne^  lb. 

Palceoerinoida,  123,  120. 

PakeoeyeluSf  97. 

Pakeoeyon,  454. 

PaUtodUew,  114, 115. 

Paleolithic  Man,  408. 

Palacmanon,  68. 

Pa£(]eoni«ciM,  323,  530,  534. 

PalcBonyetiSy  452. 

Palaiontological  Record,  imperfection  of, 

27-39. 
Palteontology,  definition  of,  1. 
Palaophis,  361. 
Palceophycus,  477,  479. 
Palceopteris,  485. 
PcUatopyge,  167. 
Palceotaunu.  368. 
Palceosiren,  347. 
Palofospalax,  468. 
Paiaeospongia,  68. 
Palaothenda,  427. 
Paloeotherium,  427. 
PaUrotringa,  890,  392. 
Pal€Mxylon,  41)3. 
Palapterux,  890,  394. 
PaUmUrina,  114.  115. 
Pali  (Corals).  92. 
Palinurus,  179. 

Pallial  line,  of  Bivalve  shells,  216. 
Pallial  sinus,  217. 
Palmaeites,  494. 
PtUudiceUea,  194. 
Paludina,  245.  255. 
PaludinidcB,  255. 
Pandaneofy  499. 
Patuianus,  499. 
Pancpaea,  238. 
Paper  Nautilus,  294. 
Paradoxidm,  168 
Paradoxides,  167, 168,  169. 
Paramun'cco,  99. 
Parcumilia,  543. 
Parkeria,  66. 
PagsereM,  395. 
Patella,  242.  259. 
PateUidxB,  259. 
Pauropoda,  183,  184. 
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Pauropus,  184. 

Pearly  NautUtu,  274,  277,  278. 

Peccary,  430 

PeeopUris,  475.  482, 488,  495. 497, 498,  5S8. 

Pecten,  221,  222. 

Pectinaria,  187. 

Pectinated  rhombs  of  Gystideans,  132. 

Peetuneuluit  226,  227. 

PedlcellariflB,  114. 

PedieellinecBf  194. 

Pedipalpi,  182. 

Pedunculated  Cfrrlpedes,  150, 152. 

Peltocaris,  159,  100. 

Pen,  of  Cuttle-fishes,  294. 

Penartb  beds,  581. 

Pennatulidce,  101. 

PentaennvM,  123. 124, 127, 128. 

PentamenUt  207,  208. 

Pentremiteg.  183, 134. 

PereicUB,  818. 

Perdieidm,  394. 

Perennibranehiata  (AmphibiaY  348. 

Perforata,  96 ;  distribution  of,  in  time,  97. 

Peridiniumy  69. 

Perieekocrinus,  126. 

Perigehoeehinidcef  108, 110. 

PerUpongia,  637. 

Peristodactyla,  423,  424. 

Permian  period,  rocica  of,  528;  life  of, 
529 ;  flora  of,  495. 

Pema,  223,  224. 

PetalodiUy  339. 

Petraia,  89. 

Pelrasler,  114,  115. 

Petrodwi,  339. 

PetrotpongiadcPy  69. 

Pezophaps,  391. 

Phaeoptdcgf  167,  170. 

Pha4:opii,  162,  167,  170. 

Phalanffidce,  182. 

Phaiangigtida,  408,  418. 

Phanerogams,  473. 

Phanerttpleurini,  327,  320. 

Phaneropleuron,  327,  829. 

Pharyngobranchii,  314. 

Phcueoiomys,  408. 

Phagcolotherium^  405,  410. 

Phainanidce,  304. 

PhillipiiaHtropa,  95. 

Phillipgia,  167,  171. 

PhUbopterig,  498. 

PhocidcF,  449,  450. 

Pholadida,  218,  239. 

Phoktdtmiyay  239. 

Pholag,  240. 

Pholidogagter,  352 

Pholidophorugf  324. 

Phortu,  264. 

Phragmncone,  of  Splrula,  296 ;  of  Belem- 
nlte,  297. 

Phroffmorerag,  283,  285. 

Phylaetolofmata,  194. 

Phyllograpgug,  86. 

Phyllopoda,  characters  of,  159 ;  distribu- 
tion of,  in  time,  159. 

PhyllogtomidcB,  461. 

Phyllogtama,  462. 

PAynx,  245, 268. 

Phygeter,  420. 

Pkygophoridee,  78,  74,  84. 

Phygogtomata,  315. 

Phytoprig,  479. 


PiUohu,  255.     ' 

Pileopgig,  259. 

Piniteg,  493. 

Pinna,  223,  224. 

Pinn^nufa,  448. 

Pinnipgdia,  447,  44& 

PinniUarus,  477,  478,  482, 483. 

Pigania,  247. 

Pigeeg,  characters  of,  806^;  orders  of,  816; 

distribution  of,  in  time,  313. 
Pigidium,  234. 
PirtosauriM,  872. 
Plaeodug,  826,  372. 
Placoganoids,  322. 
Plaemdei,  307. 
Placoid  scales,  807. 
Placunopgig,  221 
PlagiatUax,  406,  411. 
Plagiogtoma,  222. 
PU^iogtomi,  335,  336. 
Planorbig,  242,  268. 
Plantigrada^  448. 
Platanug.  500.  502. 
Piatax,  318,  319. 
Platepheinera,  185. 
Platyeerag,  268.  259. 
Platyenntig,  120,  123, 126. 
Platygnathugy  326. 
Platyrhina,  465. 
PlatygomidcBt  825. 
PUUygomug,  325,  530. 
Platygtoma,  534 
PUetofftuUhi,  318,  821. 
Pleetrodug,  338. 
Plegicganria,  370. 
PUgicgaurug,  371,  372. 
PUgiogorex,  463. 
Pleuracanthtig,  835,  338,  342. 
PleuragteTj  115. 
Pleurobranchidaf,  261. 
Pleuroeygliteg,  130. 
Pleurodictyujn^  97. 
Pleurodont  Lizards,  302. 
Pleuronectidai,  317,  318. 
Pleurotoma,  249. 
Pleurotomaria,  257,  264. 
PlieaUOa,  222,  223. 
Pliocene  period,  rocks  of,  554  ;  life  of,  557. 

flora  of,  603. 
Pliopitheeug,  466. 
Pliogaurtig,  872. 
Plinnagter,  111. 
Podfjearya,  499. 
Podophthalmata,  176,  177. 
Podozamiteg,  476,  497,  533. 
Poikilopleuron,  377. 
PoUieipeg,  154 
Polyeatlia,  100,  529. 
Polyeystinat  66,  67. 
Polypodileg,  498. 
Polypothecia,  543. 
Poljfpterini,  326. 
PolypUrug,  321,  322,  826,  327. 
Polytrema,  64. 
Poiyzoa,  characters  of,  190  ;  orders  of, 

194  ;  distribution  of,  in  time,  195. 
Polyzoarinm,  190. 
Populug,  500. 
Poramboniteg,  208. 
PorcfUana,  180. 
Poreellia,  245,  263.  265. 
Poriteg^  96. 
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PoriHdce,  97, 100. 
Porotpongiaf  687. 
Portland  Stone,  636. 
Posidonomya,  228,  224. 
Po8t-Olacial  deposiU,  660. 
Poflt-OIadal  Mammals,  660. 
Poflt-Pllocene  depositu,  657. 
Post-Pliocene  Hammak,  667. 
PotamideSf  262. 
Poteriocrinm.  126. 
PothoeUety  476,  494. 
Potsdam  Sandstone,  613,  614. 
Prce-arcturuSf  177. 
Pr»-OlRcial  depositfl,  668. 
Pr»-01acial  Mammals,  668. 
PreHunehia,  176. 
PrimUia,  156,  167. 
Primnoa^  99. 

PrimoTdial  Zone,  167, 168,  618,  614. 
PrionattroBa,  687. 
Pristerodor^Wi. 

Probo^eideat  characters  of,  442 ;  distribu- 
tion of,  in  time,  448. 
Proboscis,  of  Crinoids,  119, 121. 
Proealia  (Croooditiaj,  866,  367. 
Proeyon,  461. 
Prodtteta,  210,  211,  680. 
Produetid4B,  202,  210. 
Proetida,  171. 
Proetw,  171. 
Prongbnck,  487,  438,  489. 
Pro-ostracum,  297. 
Pro9obranohiat(iy  246. 
Protoponiteua,  177,  629. 
ProtareOt  97. 
ProtoiUr,  116, 117. 
ProteacecBy  499,  6j2. 
ProtiehnUea,  167. 
Protolyoosa,  182. 
ProtopUheciu,  466. 
Protopteri,  842. 
ProiopterUy  482. 
Protomit,  89U,  893. 
/VoforoMunw,  866,  862,  680. 
Protoseris,  637. 
Pmtotaantes,  474,  482. 
Protovirgularia,  101. 
iVv<02Da,  characters  of,  69 ;  divisions  of, 

69 ;  distribution  of,  in  time,  60,  60. 
PrunoeyttUes,  133. 
Piammobia,  287. 
Psammodiu,  838,  880. 
Pmronius,  474, 476,  482,  485,  495. 
PgeudoorintUt  180, 133. 
P«et«ion«U9t>ptora,  186. 
PMudonwctM,  174. 
PMeudotcorvwnidcet  182. 
PHlocephalus,  169 
PaUophuUm,  474,  480-482. 
Pnttacuke,  805. 
Paolug,  136. 

PUratpU,  381,  332,  837. 
PteriehthyM,  831-383. 
PteHnea,  2S4. 
Ptmt,  486. 
Pterocenu,  246,  247. 
PterodnctyluM,  874,  876. 
PUrophyUum,  476,  494,  497,  631. 
Pteropidee,  461. 
Pteropoeto,  characters  of,  269 ;    shell  of, 

269  :  orders  of,  269 ;  distribution  of,  in 

time,  S69,  270. 


PtoroMuria,  characters  of,  374;  distrlbia* 

tion  of,  in  time,  876. 
Pterotheca,  270. 
PUrygotug,  172,  178. 
PtUodietya,  196. 
PtUograpgUM,  78,  79. 
Ptilomtuter^  116. 
Ptilopora,  196. 
Ptyehoeercu.  276,  288,  293 
Ptyehodtu,  339,  340. 
Pu^moni/era,  241,  246,  266. 
PujMi,  246,  267,  267. 
Purbeck  beds,  636. 
Purpura,  248. 
Purpun'no,  248L 
Purpuroidei,  638. 
PyenodontidcBf  326. 
PygoHer,  loO. 
PygaultUf  109. 
Pygidinm,  161, 164. 
Pygooephahu,  177. 
PygoptenUy  630. 
Py gurus,  109. 
PyranUdellidcB,  261. 
Pyn7»«f  07. 
Pyrgoma,  162. 

iV*««.  109. 
Pyrula,  247. 
J^rtAon,  865,  860. 

QuodrufiMina,  characters  of,  464 ;  seetiom 
of,  464  ;  distribution  of,  in  time,  464-466. 
Qnebec  group,  613,  514. 
Qu«reu«,  499,  600. 

Jtodiato,  78. 

EadiokuriOt  characters  o^  66;   distiiba- 

tion  of,  in  time,  66. 
BadioliUM,  232. 
Mai4i,  341. 
Mallua,  392. 

Hamphorhynehui,  374,  876. 
T^ana,  849. 
Manella,  247. 
Manieepty  362. 
iZopAioMuntf,  864. 
Jiaptorety  896. 
Rasores,  294. 
R<utrUe»,  80,  84. 
Ratit^x,  893. 
Rays,  341,  842. 
Recent  period,548,  668. 
ReeeptcumUtes,  71,  72 
Red  Coral,  102. 
Red  Crag,  555. 
Reef-building  Corals,  95,  96. 
Regular  Echinoids,  107. 
Rein-deer,  436.  « 
Reptilia,  characters  of,  353 ;  orders  of, 

366  :  distribution  of,  in  time,  366. 
Requienia,  230. 
Retfpora,  196. 
Reticulipora,  644. 
Retiolit£9,  80. 
RHzia,  206. 
RhahdopUura^  80, 194. 
Rhtetic  beds,  631. 
RkamphastidcBf  895. 
Rfuia,  894. 
RhinoceridoB,  424. 
Rhinoceros,  424-426. 
iZAtnolopfticto,  461. 
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BhinolophuSf  402. 

Jihiioerinus,  118, 1S8. 

MkizoduM,  826.  328,  829. 

Mhizopoda^  69,  60. 

Ehizo^omtdce,  74. 

Rhodoerinuf,  126. 

/{AomdtM,  817,  818. 

Rhu8,  603. 

Bhrnchoeeti,  419,  4i0. 

i2Ayn«Ao2ite«,  278. 

RhyncJumella,  199,  203,  207. 

RkynchoneUidm,  201-203,  207. 

Bhyjuihotaunu,  862-364,  878,  874. 

Rkynehoteulhit,  273,  274. 

BhytidoUpii,  491,  493. 

BinwUa,  268. 

iiicfoa.  264. 

/{o&inia,  608. 

BotnUifUi^  62.  ' 

Rodentia.  charactexa  of,  466 ;  di«tribution 

of.  in  time,  467. 
Roeonck,  436. 
RofUllana,  247,  252. 
Botalia,  62,  64. 
RudiBtt$,  231. 
Rugota.  97 ;  distribution  of,  In  time,  99 ; 

families  of,  101. 
Ruminantiay  chanctera  of,  481 ;  fttmilies 

of,  483. 

Sabal,  501. 
Sahem,  187. 
Sdbellaria,  187. 
Saocotoma,  122, 127. 
Sagenaria,  480,  491. 
Salamander,  847. 
SaUnia,  107,  110. 
SalerUad^e,  llu. 
StUix,  600. 
SalmonidcB,  316. 
Sao,  169. 
SoMofraM,  500. 
5a«iria,  862. 
<SaurieA<Ay«,  684. 
SauriUvM,  864. 
SattroeeUSt  422. 
^aurodiotorim,  826,  827. 
Baoroid  Fishes,  827. 
Sauropffido,  853. 
SauropUrygiat  870-372. 
Saurosterfum,  364. 
Soururts,  890,  896. 
Saxicava,  238. 
Scatoria,  243,  858.' 
Scales  of  Fishes,  807. 
SealjpeUum,  154. 
Scantores,  894. 
Seaphatpit,  832. 
5eai>ftite«,  288,  29S. 
SchixoduM^  229,  680. 
fttMureOo,  266,  267. 
5<»uri<i<s,  460. 
Seiunu,  460. 
Sclerenchyma,  96. 
SeUnbanea  {Zoantharia),  87. 
Bclerobasic  Corals,  87. 
SclerodenncUa  (ZoaiUharia),  8S. 
Sclerodermic  Corals,  88. 
Selerogenidce,  318. 
ScoUelda,  102. 
iSSeoIioftoma,  584. 
Sootitef,  142. 


5(»{itAiw,  142. 

SeolopaXt  892,  646. 

5eo7noeri(to,  318. 

Scorpion,  181-183. 

Seorpionidce,  182. 

Seutella,  104, 109. 

&2^pAia,  637. 

Sea-anemones,  80,  81. 

Sea-cncombers,  185. 

Seals,  449,  460. 

Sea-Mosses,  187. 

Sea-Urcbins,  103. 

Sedimentary  Rocks,  origin  of,  6. 

SelaehH,  337,  340. 

Semwnotut,  824. 

Semnopithectu,  466. 

Sepia,  276,  296. 

Sepiada,  276,  294,  295 

Septa,  of  corals,  01,  92;  of  the  shell  of 

Tetrabranchiate  Cephalopoda,  279,  280. 
Seq%U)ia,  602. 
Serapfu,  247. 
SeriatoporidcB,  97, 100. 
Serpula,  187, 138, 140. 
SerpuliUM,  189. 
SerttUaridOf  characters  of,  70 ;  dlatriba- 

tion  of.  in  time,  77. 
Sessile  Clrripedes,  150-162. 
Sharks,  336,  840. 
Shell,  of  Balanoids,  160;  of  Leradoids, 

162;  of  MoUwea,  187;  ot  Bnekiopoda, 

199 ;    of  LameUibranehiata,  214  ;    of 

Oasteropoda,  .242;  of  Pteropoda,  269; 

of  Tetrabranchiate  Cephalopoda,  279. 
Shrew-mice,  463. 
Sieholdia,  849. 
SiffiUaria,  474,  482,  491*494 
Sigillarioids,  474, 476, 480, 482,  491-404, 629. 
Silieitpongia,  67,  68. 
Silnrlan  period,  rocks  of,  615;    life  of, 

617 ;  flora  of,  478. 
Sawr%d€B,  816,  317. 
Simotaurug,  872. 
SmupalliaUa  iLamslUbranehiatay,  218, 

236. 
Siphonia,  66,  70. 

SCp/umida  (LaiMUt^ranahiata),  218,  219. 
Siphonostomata  (Gagteropodai,  244-840. 
Siphonotretii,  212,  21S. 
Sir»n,S47. 
Sirenta,  characters  o(  417;  distribution  of, 

in  time.  41& 
Sivatherium,  438,  489. 
Skiddaw  Slates,  512,  614. 
Slimonia,  178. 
Sloths,  413,  414. 
SmUaa,  602. 
Snakes,  360. 
Solariumf  254. 
SoUuUr,  111.  114. 
Sole€urtu8,  237. 
Solen,  237. 
Soleruutrcga,  90. 
Solenid4B,  218,  237. 
Solid  axis,  of  Oraptolites,  80. 
Solidunaula,  423,  427. 
Solipedpa,  423. 
Sorex,  463. 
Sorictim,iCB. 
ilaeodoUt  462. 
\latbihirium,  41L 
irtitpongia,  09. 
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^patangideB,  109. 

Spatangua,  109. 

SpaOuibalU,  342. 

SptUuhma,  883. 

Spermophiluiy  460. 

^hcerexochutf  170. 

^hdBToeoeeitea,  478L 

SphoBroniUa,  129, 183. 

£^Aa{7(K2u«,  835,  837. 

i$7/^«no<ion,  863. 

.^A^fioditf.  840. 

^henopteris,  475.  482;  488,  486,  495,  493, 

j^AtfTioeAottitf,  479. 

Sphenotrochtts,  96. 

i^imacuto,  386. 

£^tn^erite«.  60. 

Spirifer,  202,  205. 

S^nTeruto.  201-208,  205. 

^r^erina,  205. 

I^rigera,  206. 

^iropAyfon,  474, 479. 

;$t>or6w.  137.  138.  139. 

~  irula,  274,  275,  294 
iruUda,  276,  296. 
>inUiroHrat  206. 

^^Mmiiv^,  222. 

Spon^vda,  cbaractera  of,  67;  distribation 
of,  in  time,  67,  68. 
la,  69. 
llopsis,  69. 
jdon,  421,  422. 

Sqitaloraia,  842. 

iSfuafnata  (ReptUiu),  855. 

tS^uo^'na,  340. 

S^ui^to,  177. 

StagonolepiSf  856,  867. 

Stourta,  99 

Stauridm,  99, 101. 

Stauroeephalus,  170. 

St  Cftssian  beds,  531. 

Steffanodictyum,  522. 

SUlUuUr,  114, 115. 

Steiuuter,  114, 115. 

<SK«n«oMmru«,  867. 

Stephanophyllia^  543. 

Stereodelphis,  420. 

S%er0<N;r»ui£Av«,  405,  410. 

Stembergia,  482, 483, 489,  491. 

Stigmaria,  474, 482.  403. 

^omapoda,  characters  of,  177 ;  distriba- 
tion of,  in  time,  177. 

Stonesfleld  Slate,  536  ;  Mammals  of,  410. 

Strata,  contemporaneity  of,  14. 

Strepsirhina^  464. 

StreptospOTidyltUf  368. 

Strtngocephalus,  204. 

StriXy  895. 

Stromatopora^  69, 71. 

Strombidcg^  246. 

Strombodes,  98. 

£%rom2m«,  246. 

Strophalowi^  580. 

Strophodus,  839, 840, 410. 

SItropftomena,  208.  209. 

StropfunnenidcB,  202,  208,  208. 

tSStruCAio,  394. 

Sturionid<B,  822, 338. 

StyliTM,  537. 

StylonunUy  178. 

i9u«Ao«aun»,  867. 

Sudden  Extinction  of  marine  anlmalSi 88,39. 

SViuIa,  480. 


5^,480. 
%napta.  135. 
SyntutrcBOt  588, 
i§<fU7natAid<0,  819. 
S^r7iA«{£a,  89. 
Syringopora.  98. 
Sjfringtacylon,  474. 

Tabole,  98 

Tabulata,  96;  distribation  of.  in  time, 

97. 
T<ent(uf«r,  117. 
TcvniopCcm,  498. 
TalUnu,  176. 
TaZpa,  463. 
TalpidcB,  468. 
Tapirida,  426. 
TapiruSy  426. 
7a«omnu9, 126. 
Taokxiium,  500,  501,  508. 
Teetibranehiata^  244. 
STeltfoMurtM,  367. 
TeUosUiy  characters  of,  815  ;  distrfbotimn 

of,  in  time,  815 ;  sub-orders  of,  315-819. 
Telerpetouy  356,  862,  363. 
TeUina,  237. 
TelUnida,  218,  287. 
TelmatomiSy  390,  892. 
TemnoeidariSy  100. 
T«mnop2euru«,  110. 
TentaeulUes,  139,  270,  271,  272. 
TerebelUiy  187. 
Terebra,  248. 
TerebraUllay  200,  204. 
Terebratula,  198,  201,  208. 
TerebratulidiBy  202-204. 
TerebnUvlifMy  203. 
Teredo,  240. 

Tertiary  Rocks,  classification  of,  547. 
Teiselata  (Oinoufea),  128. 
Test,  of  Foramm^tfro,  61 ;  of  £bAMM>idea, 

103  ;  of  Cirripedidy  250. 
Te«ea4:e^,  267. 
Te«eudmuto.  358,  350. 
Tetr(i5r<iYu;Aia/a,  characters  of,  277 ;  shell 

of,  279 ;  distribation  of,  in  time,  880. 
Tetraceros,  439. 
TetntdecapodOy  176. 
TetragoruHepiSy  324. 
Tetrngrapstts,  82,  88. 
Tetraanidcey  894. 
Tetraprotodon,  429. 
TtfiKfomw,  295. 
TeutAuto,  275.  277,  294.  298. 
Textularia,  64,  65. 
Thallogens.  478. 
ThamnattriBay  537. 
Thamnograpnts,  78. 
Thanet  Sands,  548. 
Theca,  270. 
TA^eapAora,  74,  76. 
Thecidae.  97, 100. 
Thecididee,  204. 
7%ectdtum.  204.  205,  534. 
TA^eodontia,  867. 
TA^codontoMiuriM,  868. 
ThecosmUiay  537. 
TA«oo«>vitaea  (Pf«ro|>oda),  269. 
Thelodus,  385,  837,  338. 
TA«£u,  238. 

Thinning  out  of  beds,  86-88. 
Thoraeica  ((Hnripedla)y  150. 
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ThytaeimUy  408. 

Thylaooleo,  412,  418. 

Thysanura,  187. 

TorruUella,  261. 

TcmaUllkUB,  261. 

Tortoises,  358,  869. 

Toacan,  896. 

ToxoeeraSf  291. 

Traehyderma,  189. 

TraehynemidUe,  74. 

Tracks,  of  Annelldes,  141, 142. 

Tremadoc  Slates,  612,  616. 

TrematU,  212. 

Trenton  period,  606,  616. 

Triassic  period,  rocks  of,  680;  life  of,  633; 

flora  of,  490. 
TrieheeidcB,  460. 
Triehitet,  226. 
Triehotropia,  247. 
Triemwdon,  406,  411 
TVidaena^  232. 
TridacnidcB,  218.  232. 
Tri^onto,  228,  229. 
TngonOlitet,  287. 
3VMroma<to,  218,  228,  630. 
Tnaonocarvum,  482,  484,  492,  494. 
TriiobUa,  characters  of,  160  ;  distribution 

of,  in  time,  167;  families  of,  167-171. 
TrimeroeephtUiu,  170. 
Trinueleidce,  167, 169. 
Tnnueletu,  162, 167,  169. 
Trionycidoe,  868,  869. 
Trionyx,  869. 
Trigtichopterui,  827, 
Triton,  247. 

Troehoeertu,  281,  283,  292. 
Trochoeyathu$,  637,  643. 
Troehoeyititea,  132. 
TroeAoserif,  96. 
TVocAomtifta,  648. 
TVocAitf.  266. 
TrogonidoB,  896. 
IVo^iOTU^num,  469. 
T'ropula^ter,  637. 
IYi6ieo{a,  cliaracters  of,  187 ;  distribation 

of,  in  time,  138. 
TubiporidcB,  101. 
TubiUarki,  74. 
Tubulipora,  198. 

Tubulo»a,  96;  distribution  of,  in  time,  97. 
Tunicata,  187. 
3HAr6inaria,  96. 
Turbinella,  247. 
JTurWnkto,  255,  264. 
Turfnnoliaj  92. 
THirfrtno^ute,  97, 100. 
Turbo.  255,  266, 
TyarriUpM,  152,  153, 154, 166. 
TurnlUea,  276.  288,  292. 
TurritelUit  253 
TurriUUida,  268. 
Turtles,  358,  369, 
TifpAi*,  247. 

CrUfminia,  475, 496,  629. 
Umbrella,  262. 
JTvicitsa  206 

Unconformabllity,  of  strata,  83. 

Undina,  827. 

Unmiiata,  characters  of,  428;  diTislons  of, 

Cnio]  229. 


UnUmidm,  218,  829. 
Univalve  Shells,  240,  241. 
Unrepresented  time,  82-86. 
Upper  Cretaceous  Rocks,  610. 
Uhper  Oolitic  Rocks,  636. 
VragUr,  111,  lis,  X14,  116, 
uroeondyhUf  862. 

ITmfato  characters  of,  847;  distribution 

of,  m  time,  347, 849. 
Ur8id<B,U9,46Q, 
Urtug,  461. 

CrnM,439,400. 

Valvata,  246,  265. 

Valvular  pyramid,  of  Cystldeaos.  181 
VaranidtB,  862.  ^     *' 

Vegetable  kingdom,  divisions  of.  478 

Ytturidx,  218,  219,  236.  ' 

VentrieulU€$,  67,  70. 

r  (sntu,  286. 

Vermetug,  187, 188,  242,  268. 

Verruca^  162. 

F«rr«ciete,  160, 162. 

VerUbrata,  charactera  of,  299:  skeleton 

VespertilionidcB,  461. 
Vibracnla,  194. 
Vincukuria,  544. 
Viperine  Snakes,  860. 
VvrgtUaria^  101. 
Ftwrra,  452. 
ViverridcB,  449, 462,  468. 
Kott^ia,  476, 497.  633. 
VolxUa,  249,  250. 
VoliUidcB,  249, 
rtt/i»M,  464. 

Walehiay  496, 496,  629. 

ITaUAtftmfa,  204. 

Wealden,  640. 

WebtUria,  101. 

WelUnfftonia,  602. 

Wenlock  series,  516. 

Whalebone  Whales,  419. 

White  Crag,  665. 

WiUianuonia,  497. 

Woolwich  and  Reading  Series,  648. 

Xanthidia,  69, 

XantkoliU$f  ISO. 

XanthopgiSj  180. 

Xetum^um,  185. 

Xipkodon,  481. 

JTipAowra,  charactera  of,  174;  dlstribu- 

«on  of,  in  time,  174, 176. 
XtpkoUuthig,  299. 
Xylobiu$,  184. 

Zamia,  496. 
Zamites,  497. 
ZapkrentU^  89. 
Zechstein,  529. 
Zeuglodon,  421. 
ZeuglodtnUidcB,  419, 42!. 
Ziphloid  Whales,  419. 420. 
Ziphiw,  421. 

^*?'}^''^i  73, 86;  MalacodemuUa,  86. 86; 

^<^Mn6i''^'*^^"-^'^^^- 

Zoocapta,  152. 
ZygoMurtu,  868. 
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LATELY  PUBLISHED  BY  THE  SAME  AUTHOR, 


A    MOFO&EAFH 

OF  THE 

BEITISE    aEAFTOLITISJ!. 

8yo,  with  EDgravinga.    58. 

''  No  one  could  be  better  qualified  than  Dr  Nicholson  to  write  a  monograph 
upon  Graptolitei,  since  he  nas  himself  discovered  and  named  many  new 
suecies,  and  has  ascertained  their  presence  in  various  new  localities.  .  .  . 
The  work  is  excellently  illtlstrated,  baring  at  least  one  and  often  several 
drawings  of  each  genus,  and  there  is  a  good  historical  introduction."-  - 
Lancet, 


A    MAiriTAL  'op    ZOOLO&T, 

FOR  THE  OSE  OF  STUDENTS. 

With  a  General  Introductiok  on  the  Principles  of  Zoology. 

Second  Edition.     Crown  8vo,  pp.  674,  with 
243  Engravings  on  Wood.     128.  6d. 

"  Tbe  advent  of  a  new  and  important  text-book  of  a  science  is  an  event 
which  is  of  the  deepest  interest,  not  merely  to  teachers  and  students  of 
anatomy,  but  to  the  general  readicg  pubUo.  For  the  progress  of  a  science 
towards  exactitude  may  very  well  be  measured  by  the  value  of  the  manuals 
published  at  successive  periods.  Dr  Nicholson's  Manual  has  this  advantage, 
that  it  is  preceded  by  a  general  introduction  on  the  principles  of  zoology. 
This  portion  of  the  work  is  of  the  deepest  possible  interest,  inasmuch  as  it 
brings  up  the  present  state  of  oar  knowledge  of  zoology  to  the  very  latest 
period.  We  fail  to  recognise  in  any  previous  zoological  author  the  peculiar 
judicial  art,  which  Dr  Nicholson  exhibits,  of  showing  all  sides  of  the  ques- 
tion, while  apparently  in  no  case  obtruding  his  •  own  indiridual  opinions. 
This  naturally  places  the  present  work  on  a  far  higher  level  than  that  pos- 
sessed  by  its  predecessors.  .  .  .  It  is  the  best  manual  of  zoology  yet 
published,  not  merely  in  England  but  in  Europe.'* — Fivm  the  Pall  At  all 
Gazette,  July  20,  1871. 

"  A  work  which  in  point  of  accuracy  far  surpasses  most  of  the  manuals 
which  of  late  years  have  issued  from  the  press." — Popular  Science  Review, 

"The  best  handbook  for  students  that  we  at  present  possess." — West- 
mtfttter  Review, 

"The  best  handbook  on  the  subject.''— QiMiW«r?y  Journal  of  Science, 

"Dr  Nicholson  has  succeeded  well  in  his  object  of  producing  a  useful 
handbook  for  students  of  zoology." — AnnaU  of  Naiural  History, 


nrTRODTJCTOET  Ti      '^'>0K  OF  Z00L06T, 

FOR  THE  USE  O  :uR  CLASSES. 

With  127  EngrftvingB.    3b.  6d. 

"  Very  miitable  for  janior  classes  in  BchooUi.  There  is  no  reason  why  any 
one  should  not  become  acquainted  with  the  principles  of  the  science,  and  the 
facts  on  which  they  are  based,  as  set  forth  in  this  Tolume." — LaweL 

**  This  is  an  excellent  little  work,  the  valae  of  which  school  teachers  will 
not  be  slow  to  appreciate.  ...  It  is  written  throughout  cleariy  and 
concisely,  and  has,  moreover,  the  advantage  of  being  profusely  illustrated. 
...  We  hope,  before  long,  to  see  it  in  general  use."— J/oiUWy  Medical 
Journal, 

**  The  book  is  well  suited  to  become  the  text-book  for  schools,  and  contains 
nothing  that  an  ordinary  schoolboy  of  thirteen  or  fourteen  could  not  under- 
stand. We  hail  such  a  work  as  tending  to  the  introduction  of  Natural 
History  teaching  in  schools,  a  subject  which  has  hitherto  been  neglected, 
owing  greatly  to  the  want  of  such  text-books  as  the  one  before  us." — Quarterly 
Journal  of  Science, 

"This  capital  introduction  to  natural  history  is  illustrated  and  well  got 
up  in  every  way,  a  credit  alike  to  author  and  publisher.  We  should  be  glad 
to  see  it  generally  used  in  schools." — Medical  Pros  and  Circular, 

**  Nothing  can  be  better  adapted  to  its  object  than  this  cheap  and  well 
written  introduction." — Londofn,  Quarterly  Mevicw, 

ADYAirCEB   TEIT-BOOK   OF   ZOOLO&T, 

FOR  THE  USE  OF  SCHOOLS. 
Crown  8vo,  with  numerooB  EngravingB.     68. 

"  The  author's  Text-book,  regarded  from  this  point  of  view,  is  a  decided 
success ;  it  is  just  what  was  wanted.  The  subject  has  been  treated  in  a 
scientific  spirit,  but  at  the  same  time  so  clearly  and  well  as  to  be  quite  within 
the  comprehension  of  any  young  student  who  will  bring,  ordinary  attention 
to  his  task." — lancet. 

**  Throughout  the  work  the  information  is  brought  up  to  the  most  advanced 
state  of  our  knowledge,  and  the  explanations  and  descriptions  are  clear,  and, 
where  necessary,  illustrated  by  diagrams  and  figures.** — Educational  Timet, 

''This  is  an  excellent  treatise  for  its  purpose.  Dr  Nicholson's  style  is 
singularly  intelligent ;  he  conveys  much  information  in  a  small  space,  and  is 
especially  clear  in  his  explanations  of  the  various  zoological  classes  and  thmr 
characteristics.  The  introductory  chapter  is  a  model  of  lucid  writing  on  a 
diflScult  point,  the  distinctions  between  plants  and  animals.  .  .  .  We 
hb^  only  to  add  that  Christian  teachers  and  the  adherents  of  a  spiritual 
philosophy  may  safely  put  this  book  into  the  hands  of  their  pupils.  There  is 
nothing  theological  in  the  book,  but,  on  the  other  hand,  there  is  nothing  anti< 
theological. " — Noncorif(ymiist, 

**  Aba  means  of  imparting  an  elementary  knowledge  of  Eoology,  so  far 
OS  concerns  the  classification  of  the  various  members  of  the  animallungdom 
and  the  description  of  the  most  obvious  and  distinctive  characters  of  the 
various  classes  and  orders^  this  book  deserves  a  hearty  approval.  The  de- 
scriptions are  simple  and  mtelligible  ;  and  the  work  is  well  illustrated  with 
wood  engravings. '  — British  Medical  Journal. 

**  We  can  very  cordiallv  recommend  the  work,  and  feel  sure  that  an  ear- 
nest teacher,  with  the  help  of  a  microscope  to  illustrate  the  earlier  sections 
of  the  book,  with  a  few  specimens  for  class-demonstration,  and  with  a  full 
belief  in  the  power  of  Natural  History  to  interest  intelligent  observers, 
cannot  fail  to  awaken  mind,  and  at  the  same  time  to  train  his  pupils  to 
habits  of  correct  and  profitable  observation." — Quarterly  Journal  of  Science, 


ADVANOED    TEXT-BOOK   OF   ZOOUHSY— Opinions  continued. 


"  Dr  Alleyne  Kicholson  has  brought  out  the  best  Advanced  Text-Book  of 
Zoolo&;7  that  has  yet  appeared.  It  is  of  small  bulk,  well  arranged,  and  illus- 
trated by  a  considerable  number  of  woodcuts.  A  careful  reader  will  learn 
from  it  more  of  the  principles  of  scientific  classification,  and  get  a  better 
notion  of  the  anatomical  and  physiological  considerations  on  which  it  de- 
pends, than  from  any  similar  work  we  could  name.  ...  It  would  be 
extremely  valuable  to  have  this  book  read  in  the  upper  classes  of  good 
schools.  Any  intelligent  teacher  could  learn  from  it  quite  enough  to  offer 
necessary  explanations ;  and  the  way  in  which  Dr  Nicholson  works  up  his 
facts  so  as  to  illustrate  principles,  places  his  book  far  in  advance  of  ordinary 
manuals,  and  would  ixisure  pupUs  being  interested  in  his  teaching." — The 
iUudent 

MMmAjmss  nr  mtueai  history; 

BEINO  A  PROGRESSIVE  SERIES  OF  QUESTIONS  ADAPTED  TO  THE  AUTHOR'S 

*  IRTRODUC?rORY  AND  ADVANCED  TEXT-BOOKS,'   AND 

*THE  student's  MANUAL  OF  ZOOLOGY.' 

Is.,  Post-free. 

The  Author's  object  in  compiling  this  series  of  questions  has  been  to 
assist  the  Teacher  whose  limited  time  does  not  admit  of  so  careful  a  pre- 
paration of  his  examinations  as  the  subject  demands,  and,  at  the  same  time, 
to  bring  within  reach  of  the  Student  the  ready  means  of  testing  his  own 
proficiency  in  the  Science. 


nrTRODFCTioiir  to  the  study  op  bioio&y. 

Crown  8vo,  with  numerouB  Engravings.     58. 

"  Nowhere  else,  we  believe,  can  the  student,  whether  he  be  the  theologian 
anuous  to  learn  the  set  of  the  tide  and  the  direction  of  the  under-current  of 
thought  of  modem  science  and  philosophy,  the  man  of  letters,  or  the  medical 
student,  or,  lastly,  the  practitioner  who  is  not  quite  ignorant  of  the  elements 
of  comparative  anatomy,  but  is  slightly  puzzled  with  such  new  terms  as 
Homogeny  and  Homopla^,  Abiogenesis  and  Bioplasm ;  nowhere  else,  we 
believe,  can  these  meet  with  such  clear  definitions,  and  with  such  ftor  ex- 
positions of  rival  theories,  as  in  the  pages  before  us." — Medical  Press. 

"  Admirably  written  and  fairly  illustrated,  and  brings  within  the  compass 
of  16u  pages  the  record  of  investigations  and  discoveries  scattered  over  so 
many  volumes.  Seldom  indeed  ao  we  find  such  subjects  treated  in  a  style 
at  once  so  popular  and  yet  so  minutely  accurate  in  scientific  detail." — Sects- 
man. 


"  In  all  the  questions  upon  which  he  touches.  Dr  Nicholson  shows  himself 
thoroughly  master  of  his  subject ;  and  when  ne  has  to  deal  with  disputed 
points,  his  moderation  and  fairness  are  no  less  worthy  of  praise  than  the 
clearness  and  logical  force  with  which  he  states  his  own  conclusions.  The 
chapters  on  Abiogenesis  and  Origin  of  Species,  though  necessarily  concise, 
are  enough  to  make  us  hope  that  we  shall  have  something  more  on  the  same 
subjects  from  Dr  Nicholson." — Standard. 

*'  A  work  that  might  well  be  taken  as  a  text-book  for  the  higher  classes 
in  wfihoo^B"— Lancet 

WILLIAM  BLACKWOOD  &  SONS,  Edinburgh  and  London. 


